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Abstract 


The Solar Terrestrial Observatory (STO) is a specific, problem'Oriented instrument payload based on a 
Shuttle/Platform approach. i.e., the payload is located on a space platform, and Is set In orbit, serviced, and retrieved 
by the Space Shuttle. The central scientific goal of the STO is to understand the physical processes that couple the 
major regions of solar-terrestrial space. The approach to this goal encompasses the solar atmosphere, the interplane- 
tary medium, the earth's magnetosphere and ionosphere, and the entire atmosphere of the earth. 

The Shuttle/Platform approach offers a unique combination of capabilities, different from those of both conven- 
tional free-flyers and Shuttle/Spacelab. The characteristics that are important for the STO are; 

Large Shuttle-class Instrumentation 
Long duration in orbit 
High power generation 
Regular in-orbit servicing 
Multidirectional pointing 

In this report, the STO Science Study Group discusses eight basic solar-terrestrial scientific objectives that 
benefit from the Shuttle/Platform approach and a program of measurements for each. These objectives are to under- 
stand; 


Solar variability 
Wave-particle processes 
Magnetosphere-ionosphere mass transport 
The global electric circuit 
Upper atmospheric dynamics 
Middle atmospheric chemistry and energetics 
Lower atmospheric turbidity 
Planetary atmospheric waves 

We develop a two-stage approach to a multidisciplinary payload; an initial STO, that uses a single platform in a 
low-earth orbit, and an advanced STO that uses two platforms in differing orbits. We find compelling reasons to coor- 
dinate the STO with an interplanetary companion. Finally, we emphasize that properly planned and Implemented 
operations, data handling, data analysis, and theoretical modeling must be treated as an Inseparable part of the STO 
mission. With the characteristics outlined above, the Solar Terrestrial Observatory can make a unique and valuable 
contribution to the NASA program of solar-terrestrial physics. 




The Solar Terrestrial Observatory Science Study Group was estabiiahed In 
the fall of 1979 by what was then the Solar-Terrestrial Division of NASA Head- 
quarters, to formulate a scientific strategy for the development of a Solar Terres- 
trial Observatory (STO), an interdependent problem-oriented combination of 
solar, magnetospheric, and atmospheric instruments. The STO would be carried 
into orbit and serviced by the Space Shuttle, mounted on a long-lived space plat- 
form. The strategy we propose here for the use of the STO focuses on the physi- 
cal processes that couple the major regions of solar-terrestrial space. 

We wish to thank Sidney Bowhill, Bernard Haurwitz, and William Vaughan 
for their participation during the early part of this study. We also wish to thank 
the members of the Committee on Solar and Space Physics of the Space Sci- 
ence Board, and in particular William Feldman, ^hael Kelley, Raymond Roble, 
Douglas Vorr, and Donald Williams, for helping to improve this report in many 
ways. 
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Introduction 


Th« strategy behinc! the scientific objectives, 
meesurements end Instrunients discussed In this report 
esslgna highest priority to understanding the physlcsl 
processes that couple the major components of solsr- 
terrestrlal space. The role of these processes In the 
variability oi the solar-terrestrial system is presently very 
poorly understood; they have been emphasized In 
developing this strategy for the STO. 

Variability characterizes the entire solar-terrestrial 
system, from the sun to the earth. When a change 
occurs In the output of the sun, our earthly environment 
Is perturbed as a consequence, borne of these pertur- 
bations have impacts on our modem technological 
society. They affect global communications, men and 
equipment in space, power distribution systems, geo- 
physical exploration, and large pipeline systems. 
Beyond current impacts, we know that man has been 
affected by variations in world climate over all of 
recorded history. Recently we have been confronted 
with evidence that climate changes have occurred within 
the last several hundred years that are probably related 
tc changes on the sun. For example, sunspots and other 
r.igns of solar activity s'^oarently almost disappeared in a 
seventy-year long period from 1645 to 1715, known as 
the Maunder Minimum. This interval corresponds to a 
prolonged period of tower temperatures in Europe that 
was the coldest extreme of the Little Ice Age (1500- 
1850). 

These are but a few of the many known or 
suspected solar-terrestrial relationships of practical 
importance, many of which are not understood 
sufficiently well to provide reliable predictive capability. 
In order to have any hope of achieving such a capability, 
it is necessary first to understand the basic mechanisms 
of the solar-terrestrial interaction. 

We know that the earth's atmosphere and magne- 
tosphere - the earth’s magnetic envelope — respond in 


various ways to different changes In the solar output. 
Some changes In the solar output occur gradually as 
magnetic flux emerges from the solar Interior Into the 
solar atmosphere. Others are more impulsive, like the 
rapid energy release known as solar flares. The slow 
variations and abrupt perturbations both modify the flux 
of photons and particles from the sun. The latter contri- 
butes to the solar wind, in which the earth’s atmosphere 
and magnetosphere are immersed. Thus, as the solar 
radiation and the solar wind change, so do the magneto- 
sphere, ionosphere, and upper atmosphere. In response 
to a gust In the solar wind, the magnetosphere on the 
sunward side of Earth is compressed and electrical 
currents are generated, surrounding the earth and 
flowing through the ionosphere and magnetosphere. 
These currents have many practical consequences, 
some of which are worth mentioning here. For example, 
magnetospheric electrons and ions penetrate into the 
upper atmosphere near the poles, producing the aurora 
and atmospheric heating. This heating in turn leads to 
the generation of winds whose effects are felt throughout 
the upper atmosphere. These energy sources, along 
with variable energy deposition by solar radiation in the 
atmosphere, modify the production of ozone that is so 
important in protecting life here on the earth. Ozone is 
but one of many constituents of the upper atmosphere 
that interact chemically with one another under the 
changing influence of the radiation and particle input. 


Although we have a superficial knowledge of many 
relationships among the sun, the magnetosphere, and 
the atmosphere, we have only an incomplete under- 
standing of the actual physical and chemical processes 
that underlie these relationships. This lack of under- 
standing precludes a reliable pradictiva capability. The 
Solar Terrestrial Observatory will be able to make unique 
measurements that will contribute in a significant way to 
achieving an adequate understanding of many of these 
processes. 
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II. Scientific Background 

The Solar Ter»’estrial Observatory can contribute to 
improving our understanding of a wide variety of solar 
terrestrial problems. In this section we briefly review the 
background of many of them. 

The solar phenomena that are of the most direct 
interest from the point of view of solar-terrestrial physics 
are temporal and spatial variations in the solar output of 
radiation and matter These variations originate in the 
unsteady nature of the generation of the solar magnetic 
field, well below the visible surface of the sun. The 
configuration and rato of eruption of this magnetic field 
into that portion of the solar atmosphere from which 
radiation can direct.y escape, is the root cause of even- 
tual terrestrial effects. The interaction of solar matter 
with the magnetic field in the sun's interior is responsi- 
ble for many pnenomena relevant to solar-terrestrial 
physics, including sunspots, flares, coronal holes, and 
the cyclic nature of solar activity. 

Many terrestrial effects are known to be linked to 
variations in solar radiation, primarily in the ultraviolet 
Solar ultraviolet radiation originates in the chromo- 
sphere. just above the visible surface of the sun. and m 
the overlying chromosphere-corona transition region 
These layerr of the solar atmosphere are highly struc- 
tured and temporally variable. Thus it is no surprise that 
the ultraviolet radiation from the sun varies considerably, 
following the growth and decay of solar active regions 
and the 27-day solar rotation period. 

In the last year it has been demonstrated convinc- 
ingly that even the total solar radiative input — at ail 
wavelengths, from ultraviolet through the visible into the 
infrared — into the earth's atmosphere is not constant, 
but fluctuates, apparently in association with solar 
activity It is not yet known what long-term changes in 
solar radiation might accompany the 11 -year cycle of 
solar activity, or even longer term changes on the sun 
Recent measurements, which require confirmation, sug- 
gest that the 11 -year variability of the ultraviolet irradi- 
ance may be of considerably greater magnitude than the 
27-day variation and also greater than projected on the 
basis of the year-to-year change in the area of the sun 
covered by active regions 

The solar output also consists of outflowing plasma 
— the solar wind — and its associated magnetic field 
The solar wind flow pattern is determined by the struc- 
ture of the solar coronal magnetic field and its extension 
Into the interplanetary medium Figure 1 shows the 
corona as observed with soft X-rays Bright loops occur 



Rg. 1. The sun as seen in soft X-rays on 1 June 
1973, photographed from Skylab. Both closed mag- 
netic field regions (bright loops) and open regions 
(dark ccronal holes) are clearly evident. 

where closed magnetic fields impede the solar wind 
expansion The dark areas are coronal holes, where the 
open structure of the magnetic field permits rapid flow of 
solar material into interplanetary space Coronal holes 
are now known to be a source of high-speed streams in 
the interplanetary medium, which flow at velocities of 
700-1000 km/s. well above the usual 250-450 km/s of 
the average solar wind The highest speeds are often 
associated with major solar mass ejections accompany- 
ing large solar flares; such flares also produce solar 
cosmic rays — particles with energies up to 1 GeV 
Galactic cosmic rays - energetic particles that originate 
outside the solar system — also travel through the solar 
wind and impinge upon the earth The intensity of galac- 
tic cosmic rays at the earth is modulated by the struc- 
ture and variability of the solar wind in such a way that 
their flux is anticorrelated with solar activity 

The flow of the solar wind and energetic particles 
varies greatly with time, on a variety of time scales For 
example, during the declining phase of the last solar 
cycle, coronal holes and high-speed solar wind streams 
developed that persisted ove*' many solar rotations, pro- 
ducing recurrent effects at the earth In contrast, during 
the recent solar maximum, the solar wind was much less 
steady from one solar rotation to the next 
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Th« piMma in tha raglon batwaan tha aola? corona 
and tha aarth’a uppar atmoaphara la ao tanuoua that 
binary coiiiaiona batwaan atomic particiaa ara rara. A 
malor phyaicai procaaa occurring in thia ragion ia tha 
intaractkm batwaan piaama wavaa and particiaa; wava 
turbuianca intaracta with tha chargad particiaa in auch a 
way that anargy ia axchangad batwaan tha wavaa and 
tha diffarant particia popuiationa. Such wava-particia 
procaaaaa ara thought to piay a fundamantai roia in tha 
corona, in accaiarating tha aolar wind, and in tha boun- 
daric« batwaan tha sdar wind and tha magnatoaphara, 
tha bow ahock and tha magnatopauaa, ahown in Fig. 2. 
Littia is known about the dataiis of tha interactions or 
their statistics. 



Rg. 2. Vna soiar wind/magnatosphara/ionosphara 
system. 

The magnetosphere is the link that serves to 
transfer the soiar wind pe.turbations into the ionosphere, 
whose temperature and electron density structures are 
shown in Figs. 3 and 4, respectiveiy. The solar wind 
delivers energy and momentum to the magnetosphere. It 
exerts stress on the earth’s magnetic field, which deter- 
mines the size and shape of the magnetospheric cavity 
and causes shear in the magnetic field of the outer mag- 
netosphere. This shear is associated with fieid-aiigned 
currents that close in the ionosphere. These transmit 
the drag on the magnetospheric boundary to the iono- 
sphere and thence to the neutral atmosphere. The iono- 
sphere has equaily important effects on the magneto- 
sphere. For example, recent measurements have 
revealed that species of ionospheric origin make up a 
significant fraction of the magnetospheric plasms. It is 


clear that electric flelda parallel to the magnetic field 
play an important role In thia linkage, but we do not 
know what causes these electric fields or how they are 
dlatrlbuted along magitetlc field linea. 

The magnetosphere imparts energy to the upper 
atmosphere (the thermosphere, see Rg. 6) through parti- 
cle precipitation and Joule heating, and imparts momen- 
tum through the Lorentz force. The variable atreas on 
the magnetosphere may lead to short-term energy 
storage and sudden release. In what is called a magne- 
tospheric substorm. This sudden release Involves rapid 
temporal variation of the configuration of the magneto- 
sphere, which energizes particles well above the ener- 
gies typical of the solar wind. Aa theae particles precipi- 
tate and collide with particles In the atmosphere 
beneath, they are directly heating the atmosphere. We 
have only a very rudimentary Idem of the effect of this 
heating on atmospheric physics and chemistry. More- 
over, it takes place over extended spatial regions, which 
have been difficult to observe comprehensively In the 
past. 



Hg. 3. Typical neutral, ion, and eleetren temperature 
profles for a midlatitude ionosphere at sunspot max- 
imum (solid) and minimum (dashed). 


The solar wind is also Isrgely responsible for driv- 
ing the relative drift motion of the electrons and ions (i.e., 
currents) in the E and F regions of the ionosphere, 
shown in relation to the temperature structure of the 
atmosphere in Figs. 3 and 4. In the high-latitude auroral 
region, these drifting particles can reach relative veloci- 
ties of 1 km/s or more because of the strong electric 
fields induced by the solar wind. Joule heating results, 
primarily from collisions between ions and neutrals. 
Recent work on specific events indicates that this 
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ng. 4. Typical nrtdlatltiida lonoapharic alactron dan- 
alty profMaa for aunapot maxlimim (aolid) and 
ndniiiHim (daahad). Tha profilaa mark diatinct rogiona 
of tha lonoaphara, labaiad D, E, , and F 2 . 

haating process may be up to an order of magnitude 
more Important than the heating of the upper atmo- 
sphere by the precipitation of energetic particles. The 
coupling of the neutral and ionized components of the 
upper atmosphere drives the neutral atmosphere into 
motion and results in the fastest winds observed any- 
where in tha earth's atmosphere. Finally, at times the 
direct impact of solar flare particles, in the form of solar 
cosmic rays, deiivers considerable power to the atmo- 
sphere. In this process, the magnetosphere guides very 
energetic solar flare protons into the polar regions of the 
atmosphere. 

Under quiet solar and solar wind conditions the 
steady-state meridional circulation and temperature 
structure of the thermosphere ar«. determined primarily 
by the absorption of solar extreme ultraviolet (EUV) and 
ultraviolet (UV) radiation. However, these basic struc- 
tures are perturbed considerably by the energy and 
momentum imparted by particle precipitation and 
ionospheric plasma convection. During large geomag- 
netic storms, for example, the thermospheric circulation 
pattern is completely reversed, and the circulation is 
toward the equator rather than the poles. To date, this 
picture has emerged from rather crude mr>deling 
together with mostly ground-based thermospheric obser- 
vations. No data set exists at the present time 
corresponding to a Known magnetospheric energy input. 
Such data, collected by STO. could be used in modeling 


to test our quantitative understanding of the energy 
transfer mechanism. 

The interaction between the magnetosphere and 
the atmosphere is not limited to mechanisms in which 
atmospheric heating plays a role, but also Includes a 
global electric circuit that couples the dynamics the 
Interplanetary medium to the meteorology of the lower 
atmosphere. Electric fields and currents are generated 
in the solar-wind magnetospheric Interaction, In the 
magnetosphere Itself, and in thunderstorms. These 
fields are thought to play an important role in linking the 
magnetosphere, the ionosphere, the atmosphere, and the 
solid earth. In the past It has been assumed that the cir- 
cuit contains an upper Ionospheric electrode that is per- 
fectly conducting and uniform over all latitudes and 
longitudes. More recently it has been found that hor- 
izontal potential differences exist in the ionosphere that 
invalidate such simplifications. Much work remains to 
be done to measure and understand the basic mecha- 
nisms responsible for the fields and currents In the vari- 
ous regions that make up the global electric circuit, as 
well as to understand how they are coupled. Very little 
IS known about how the electric currents influence the 
other behavior (e.g., chemical reactions, water vapor 
condensation processes, and transport) of a given region 
in the earth's atmosphere. 



UPPER 

ATMOSPHERE 


MIDDLE 

ATMOSPHERE 


LOWER 

ATMOSPHERE 


Ftg. S. The temperature structure and nomenclature 
of the earth's atmosphere. 
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The steady-state temperature distribution of the 
middle atmosphere (the stratosphere and mesosphere 
shown in Fig. 5) Is determined primarily by the radiative 
balance between heating of the upper atmospheric con- 
stituents by ultraviolet radiation and cooling by infrared 
radiation. In the mesosphere and thermosphere, energy 
>s sbsorbed by both atomic and molecuiar constituents, 
primarily at wavelengths shorter than 1750X. In the 
mesosphere and upper stratosphere, radiation at 
wavelengths between 1 700 and 3000 A Is absorbed by 
molecular oxygen end ozone. The production of excited 
atomic oxygon from looleculer oxygen In this region is 
the key to a sensitively btiisnC'Kl set of reactions involv- 
ing the production and destruction of ozorte. Variations 
in the Incident solar radiation at these wavelengths 
change the equilibrium distributions of ozorre and atomic 
oxygen. As the details of the basic energetics of the 
middle atmosphere have become somewhat clearer in 
recent years, it has become apparent that this region of 
the atmosphere is unusually sensitive to perturbations 
caused by changes In both the energy input to the sys- 
tem and in the composition of the stratosphere and the 
mesosphere. These can have potemially large effects on 
the middle atmosphere, on the interaction between the 
middle and lower atmosphere, and on conditions at the 
surface of the earth. 

Searches for influences of long-term solar varia- 
tions on the lower atmosphere have been made for many 
years, but no clear picture of any physical mechanism or 
connection has emerged. Historical and tree-ring 
radiocarbon data suggest that past periods when the cli- 


mate was cooler than now correlate with prolonged 
periods of low solar activity. A good case has also been 
made for a chelation between the 22-year magnetic 
cycle of the sun and recurrent ckought In the western 
United States, as well as for an 11 -year cycle In the 
location of the tr<^)opause. Statistically significant evi- 
dence has also been found for relationships between 
short-term changes In atmcwpheric circulation patterns 
and solar wind conditions. In almost every case, the 
physical mechanisms for such relaHonshlps have yet to 
be elucidated or verified experimentally. An obstacle to 
the development of almost any titeory to oxijrtsih the 
efiects of the variable sun cn ttie meieoroiogy and 
ciimatc^ogy of the earth ;s the i«9qui»eineiit that 
extremely small changes in the total solar energy input 
to the atmosphere must produce tropospheric energy 
changes that are orders of magnitu^ larger, htov- the 
atmosphere picks up and amplifies the solar signal 
remains to be explained. Some of the mechanisms sug- 
gested include possible effects on thunderstorms due to 
changes in the electrical properties of the global electric 
circuit; modulation of the radiative balance of the atmo- 
sphere due to variations In clouds, sbundsnce cf trsce 
elements, or the serosol content of the atmosphere: end 
dynamic modulation of the lower atmosphere by the mid- 
dle atmosphere. 

For virtually all of these phenomena, simultaneous 
observations of diverse types, crossing traditional boun- 
daries between disciplines, sre required to fill In missing 
information on the fundamental processes that couple 
solar changes to the terrestrial response. 
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III. Key Solar-Terrestrial Objectives 


The overall goal of the Solar Terrestrial Obaerva- 
tory la to Improve our uncteratandlng of the physical 
processes that couple the major components of the 
solar-terrestrial system, i.e., the sun. the interplanetary 
medium, the magnetosphere, the ionosphere and the 
atmosphere, in this section we have selected eight 
representative and key objectives, to whose attainment 
the STO can make a significant contribution different 
from that achievable by the use of conventional small 
free-flying spacecraft or ground-based measurements. 
For ease of exposition, we will discuss each objective 
separately. In fact, however, since many of the mecha- 
nisms are interrelated, the pursuit of each objective 
benefits greatly when observations covering a variety of 
related phenomena are acquired together. The eight key 
solar-terrestrial objectives include the phenomena and 
interactions shown schematically in Fig. 6. 

The objectives listed here cover eight fundamental 
processes of the solar-terrestrial system: 

(1) The mechanisms that relate the intrinsic properties 
of the sun to variations of the solar radiative ana 
particulate flux into the terrestrial system. 

(2) The basic physics of wave-particle processes in the 
solar-terrestrial environment. 

(3) The role of transport of material in coupling the mag- 
netosphere and the atmosphere. 

(4) The role of electrostatic and electrodynamic 
processes in coupling the magnetosphere and the 
atmosphere. 

(5) The effect of variations of solar and magnetospheric 
inputs on thermospheric dynamics. 

(6) The relationship between mesospheric chemistry 
and variations of solar and magnetospheric inputs. 

(7) Tne role of atmospheric aerosols and clouds in pos- 
sible relationships between solar variability and the 
troposphere. 

(8) The role of planetar' atmospheric waves in possible 
relationships between the upper atmosphere and the 
troposphere. 

We emphasize that the problems we have selected 
are those that will benefit most from being addressed 
together, which is the basis of the STO approach. We 


first state why measurements must be made (the back- 
ground). followed by what measurements must be made. 
In Chapter IV, we will address the question of how to 
make the measurements using specific Instruments. 

1. Solar VariabllHy 

ObJecOve. Measure the variation of the radiative and 
particulate solar Inputs to the earth and determine the 
mechanisms that are responsible for this variation. 

Overview. There are two aspects to this objective. The 
first is the variation of solar inputs to the earth in radia- 
tion, particles, and fields. The second is to identify the 
solar and interplanetary pherK>mena that lead to the vari- 
ability of these inputs. By making both observations of 
the sun and in situ flux measurements from the STO, 
accompan d by a non-STO interplanetary probe, we can 
trace the course of solar perturbations back to the sun. 
Appropriate observations of the sun and the interplane- 
tary medium before, during, and after terrestrial events 
will be used to pinpoint their solar causes. 

Background. Fundamental to many problems of solar- 
terrestrial physics are questions of the variability of the 
various solar inputs that affect the earth's magneto- 
sphere, ionosphere, and atmosptiere. These inputs 
include electromagnetic radiation from the sun, solar 
wind and flare particles, the extended magnetic field of 
the sun, and, indirectly, galactic cosmic rays, which are 
modulated by the extended solar magnetic field. 

The visible and near-infrared portions of the spec- 
trum are the major contributors to the total solar radia- 
tive flux, the solar constant. This radiation heats the 
earth's surface and oceans as well as the lower atmo- 
sphere, providing most of the energy that drives atmo- 
spheric circulation. Sophisticated radiometers on the 
Nimbus 7 and Solar Maximum Mission spacecraft have 
documented real changes in the solar constant at the 
level of 0.05 to 0.3%, on scales of days to weeks. A pos- 
sible secular change of about 0.4% over several years 
has also been suggested by recent intermittent meas- 
urements from rockets and balloons. Changes like 
these, if they persist, seem adequate to perturb the radi- 
ative balance of the troposphere, and hence the weather, 
on a global basis. A change of 1%, for example, may 
bring about a global temperature change of 1-2 
according to modern climate models. 

Significant temporal variations in solar spectral 
irradiance. specifically in the shortest wavelengths (UV, 
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EUV, and X-ray) and In the nontha tnal radio amiaaion 
hava baan ciaariy aatabtlahad, alt tough aa yat with 
Inaufflclaflt praclaion and fraquancy to maka tha abao- 
luta valuaa of tha variations uaaful In pradictiva modaling 
of atmoapharic aHacta. Still controvaraial, howavar. ara 
quantMatlva daacrifXiona of how aolar radiation in vari- 
ous ragiona of tha ultravidat varlaa ovar yMra or tana of 
years, and spacifically within what limits these amissions 
vary in the course of tha 11- and 22-yaar aolar activity 
cyciM. 

Tha propartiaa of solar particles and magnetic 
tieida in tha near-earth environment play an extremely 
Important role in solar-terrestrial physics. Tha basic 
properties of tha solar wind at tha orbit of earth, includ- 
ing velocity, mass flux, magnetic flux and composition,' 
show no simple relationships to conventional solar 
activity indices. Indeed, in considering the soiar- 
terrestrlal system it must be recognized that the 
mechanisms responsible for the acceleration of the solar 
wind are poorly understood: partly because of the pau- 
city of data specifying the physical parameters in the 
solar corona, such as temperature, density, and the 
strength and morphology of the coronal magnetic field. 

The STO is thus designed to explore an area of 
solar-terrestrial physics that has received relatively little 
attention in obsen-ations before: the relationships 

between the physical properties of the solar surface and 
corona and transient events such as flares on the one 
hand, and the radiation, particles, -and fields incident on 
the terrestrial system, on the other. The association 
between high-speed streams of solar wind and the 
occurronce of low-latitude coronal holes is one of the 
best established of solar-terrestrial relationships; yet it 
explains only a part of the real variation noted in radia- 
tion, particles, and fields in the near-earth environment. 
What is clearly needed is a much improved understand- 
ing of the temporal behavior at the earth of the solar irra- 
diance, solar wind, and solar magnetic fields, and a 
much improved model of how these properties vary with 
observable solar surface features and events. 

Transient events on the sun are known to produce 
fluctuations in the terrestrial environment. The best 
studied of these events are, of course, solar flares. The 
Interception by the earth of high-energy particles, princi- 
pally protons, from solar flares may have profound 
influence on the upper and middle atmosphere — for 
example, studies indicate that the presence of an ener- 
getic solar particle flux in the stratosphere may lead to 
dissociation of Nj and thus to formation of nitric oxide, 
which cetalytically destroys ozone. The cumulative 
effects of such processes are not well understood. 


Pinwe also Induce huge pertuibcUont In flw flow 
bi matter and magnetic flux In the intarplanebiry matMum. 
Shock waves Induced tqr flares cause msior per^Mba- 
tions to the geomagnetic field, which are In turn smooI- 
ated with attfcraa and geomagneflc aub^imia. Therela- 
tionshtps between the terrestrial perturbations and the 
intrinsic properties of the flare event (eg., energy, 
momentum, and magnetic environment) are largely unex- 
plored. 

The influence of the solar magnetic configuration 
upon the terrestrial environment la largely con^cturai at 
present. Only recently have we begun to construct 
models of the globai solar magnetic configuration and its 
outward extension into Interplanetary apace. The 
Improved understanding of the nature of cororMi holee 
recently obtained will contribute to the understanding of 
the influence of solar magnetic properties on the terrM- 
trlal ervironment. 

Our knowledge of the processes that govern the 
solar radiative and particulate outputs Is relatively rudi- 
mentary. We have a basic understanding of why the 
solar atmosphere expands to form the solar wind, but the 
detailed prediction of this expansion in the highly struc- 
tured corona Is beyond current capabilities. We believe 
that energy for solar flares is stored In the form of mag- 
netic fields, but how this energy is released, and 
specifically, how it is directed to the vicinity of earth, is 
beyond us. A major part of our difficulty results from 
insufficient simultaneous, well-placed observation. 

Our current inability to understand quantitatively 
the relevant physical processes governing the solar 
electromagnetic and particulate outputs translates in 
practical terms to an inability to predict and extrapolate. 
With current knowledge, we cannot look at an X-ray pic- 
ture of coronal holes on the sun and ;»edict the proper- 
ties of the interplanetary medium at earth. We cannot 
observe an active region on the sun and determine the 
nature of the flare that may occur there. We cannot yet 
predict the terrestrial consequences of specific flares in 
better than general terms. 

Recommafided STO Measurements. Two types of 
measurements need to be made from the STO. The first 
and simplest is the measurement of the flux of radiation 
incident on the top of the earth's atmosphere. The 
second is the observation, through remote sensing, of 
the solar surface features that are responsible for solar 
flux changes at the earth. 

Continuous monitoring (not Just occasional sam- 
ples) of the solar constant and the solar spectral 
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TaM« 1. Solar BactreaiasnaUe Radiation Monitoring 
Raquiramanta. 
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"ConatenT) 


0.1% 

0.01% 

10-120 nm 

0.1 nm 

5% 

0.5% 

120-200 nm 

0.5 nm 

5% 

0.5% 

200-460 nm 

0.5 nm 

1% 

0.5% 

900-4000 nm 

100 nm 

1-2% 

0.5% 


Irradlance Is required for the lifetime of the STO. 
Table 1, an extension of the recommendations of the 
NOAA workshop ’Monitoring the Solar Constant and the 
Solar Ultraviolef of August 1977, Is given here as the 
most suitabie guide to the accuracies recommended. 
We have added the EUV region (10 - 120 nm) because 
of its importance to thermospheric dynamics and chem- 
istry. 

Valuable remote sensing observations that could 
be made from the STO include the physical properties of 
the low corona (electron density, temperature, and mag- 
netic field configuration) to make use of the close rela- 
tionship between coronal holes and high-speed streams 
in the solar wind. Both X-ray and white light images are 
required to Inter the magnetic field configuration of the 
low and intermediate corona. 

The expansion velocity of material in coronal holes 
should be measured In two complementary ways, 
depending on whether the coronal hole is located at the 
limb or on the visible disk. Measurements of the bright- 
ness of the corona in Lyman a (1216 A yields informa- 
tion on coronal holes near the limb. Direct measure- 
ments of Doppler shifts in EUV lines can be used for 
coronal holes located on the disk. 

The physical properties of active regions, flares 
and mass ejection events can be determined by obser- 
vations in hard X-rays and in the EUV. Spec- 
troheliograms i.i the EUV. made in a Doppler-sensitive 
mode, can measure the spatial distribution of velocities, 
densities, and temperatures of flare and nonflare ejecta. 
These data can be used to establish tfie relationship 
between observed solar surface events and subsequent 
fluctuations in photons and particles at the earth. 

Cofflpleinentary Measurements. Though many interest- 
ing problems can be approached using the capabilities 
of the STO alone, the range of problems and the value of 


the STO would be greatly enhai^ed If, wMie the STO 
waa In oi1}it, complementary interplanetary meaaura- 
menta were available from other spacecratt. Interplane- 
tary meaaurementa ahould be made of the taalc plaama 
parameters: density, temperature (of Ions and elec- 
trons), velocity, and magnetic field, which are important 
inputs to the magnetosphere. These parameters are 
needed as well to relate the inteiplan^ry medium at 
1 AU to the sun Itself. Composition and charge meas- 
urements should be made both for Identification of the 
solar origin of material and for comparison with magne- 
tospheric measurements. Interplanetary measurements 
of cosmic ray electrons and protons, at energies below 
those possible from within the magnetosphere, would be 
extrentely valuable because of their impMlance as Ioni- 
zation sources. Rnally, measurements should be made 
of transthermal protons, electrons, and ions, as well as 
the frequency spectrum of magnetic and electric field 
fluctuations, for comparison with wave-particle studies 
from STO. 

Various ground-based observations can support 
and enhance the scope of the STO objectives. These 
include ground-based measurements of the solar pho- 
tospheric magnetic field and the Inner corona, Ha, and 
white light patrols of flares and sunspots, and patrols of 
solar radio emission from active regions and interplane- 
tary disturbances. 


2. Wave-Particle Processes 

Objective. Examine the microphysical procossas occur- 
ring in wave-particle interactions in space plasmas and 
assess the effects of these interactions in controlling 
energetic processes in the soler wind, magnetosphere, 
and upper atmosphere. 

Overview. Wave-particle interaction processes are 
found throughout the solar-terrestrial system. In situ 
studies of these processes have been carried out from a 
number of free-flying spacecraft, using passive tech- 
niques. The ability to control certain wave, particle, and 
plasma parameters actively through injection of waves, 
electrons, and ions from STO permits new insight into 
the microphysics involved, through clarification of cause 
and effect. The high power capabilities of the STO per- 
mit new active wave and particle injection experiments. 
The STO is well suited for conducting controlled pertur- 
bation experiments on wave-particle processes, as well 
as for the remote sensing of naturally occurring wave- 
particle interactions ir, the earth’s magnetosphere and 
ionosphere. 


9 


t t ck ground. Th« plMirat that fill tNi apace between 
the atmoapherea of aun and earth are ao tenuoua that 
claaaical colilaiona between particlea are rare. However, 
aince energy la tranaferred between the varioua piaamaa 
In thia region, and alnoe varioua plaama boundariea 
exiat, thermodynamically diaalpative processes muat 
occur. The dominant process appears to be wave- 
particle interactlcms. in which wave turbulence interacts 
with charged particle populations in such a way that 
energy is excha.iged between turbulence and the parti- 
cles. As a result, wave-particle interactions tend to dom- 
inate the behavior of plasmas between the sun and the 
earth. 

Wave-particle Interactions can be found at the sun, 
in the solar wind, at magnetospheric boundaries and 
throughout the magnetosphere and ionosphere. Their 
effects have been Invoked to explain such processes ss 
solar wind acceleration, the formation of interplanetary 
shocks, thermodynamic dissipation at the bow shock 
and microscopic plasma processes at the magneto- 
pause. Plasma measurements on ISEE are allowing the 
study of solsr wind snd magnetospheric boundary 
processes. However, in many instances, multiple plasms 
processes mask the specific physics involved in a given 
phenomenon. Some of these wave-particle processes 
can be studied using controlled Inputs of waves, parti- 
cles, and plasma vrlthln the natural plasma laboratory of 
the earth's ionosphere and inner magnetosphere. 

Within the magnetosphere the equilibrium structure 
of stably trapped particles is qualitatively understood to 
be the result of diffusion across the field and the 
interaction of the particles and plasma waves. One of 
the wave-particle interactlor.s thought to contribute to 
the equilibrium In the magnetosphere is shovm in Fig. 7. 
Approximately guided by the earth's magnetic field, 
counterstreaming plasma waves and electrons trade 
energy in the interaction region near the equatorial 
plane. In the past, this interaction has been stimulated 
by ground-based transmitters, and amplified waves have 
been remotely sensed with Instruments on the ground 
and on satellites. The region of the magnetosphere con- 
taining nonstably trapped particles is magnetically con- 
nected to the tall of the magnetosphere, and here the 
mix of wave-particle interactions and dynamics is not 
understood even qualitatively. 

Ion dynamics in the magnetosphere are also 
expected to be strongly affected by wave-particle 
interactions. The ring current consists of ions in un- 
known relative abundances from both the magneto- 
spheric tail and the earth's Ionosphere How the ring 
current is created is presently unknown. The ring 



Plfl. 7. Wave-partide Intaraetiom near tha equatorial 
magnatoaphera. 

current decay is affected by vrave-particle interactions 
as well as charge exchange and Coulomb collisions. 
Two candidates for the responsible waves are elec- 
tromagnetic Ion-cyclotron turbulence and electrostatic 
ion loss-cone vraves. The cyclotron vraves would be 
expected in the 1-Hz frequency range and the loss-cone 
ion waves would be expected In the 20- to 300-Hz 
range. 

Low-altitude phenomena, such as auroral equa- 
torial electrojets. auroral arcs, and F-layer Irregularities, 
ail involve vrave-particle interactions. In addition, low- 
altitude processes can be caused by wave-particle 
interactions occurring at much higher altitudes. An 
excellent example is the stable auroral red (SAR) arc, 
which Is produced by the interaction of protons precipi- 
tating from the ring current with the earth's plasma- 
sphere. The ion-cyclotion turbulence thus produced is 
thought to be Landau-damped by electrons in the plas- 
masphere. The electrons so affected constitute a high- 
energy tail of the thermal electron distribution, which 
conducts heat to low altitude, causes the 6300 A emis- 
sion from neutral atomic oxygen, and produces upper 
atmospheric heating. So. even though the wave-particle 
interaction is occurring In the magnetosphere, It has an 
important effect In the upper atmosphere. 

Many examples of magnetospheric wave-particle 
interactions have been Identified and will be studied in 
situ by ISEE and Dynamics Explorer However the 
breadth and complexity of many of these interactions 
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r«qulr« the addition of controlled probing In which cer> 
tain particle or wave parameters are actively modified as 
a way to isolate the different plasma physics processes 
involved. 

Heconwii eo d ed STO Me es ere m e nt s. Two general kinds 
of measurements from 8TO wilt Improve our understand- 
ing of the wave-particle interactions, which appear to 
control many of the energy exchange processes in the 
solar systen; performance of active controlled 
input/output experiments and the in ^tu and remote 
measurements of naturally occurring wave-particle 
phenomena. Both measurements require the large 
structure (antenna) and high-power capabilities of the 
STO. The evolution of the required measurements will 
be toward remote sensing of magnetospheric wave- 
particle featurr 3 such as turbulence, shocks, and parti- 
cle instabilities. 

Active experiments use STO as the base for per- 
forming measurements using the ionosphere and magne- 
tosphere as a giant laboratory. Powerful wave and parti- 
cle injectors on STO will be used to temporarily modify 
the natural wave and particle environment so that the 
desired interactions will occur. The characteristics of 
the injectors are given in Table 2. As in any laboratory 
experiment, conditions in the experimental apparatus 
must be controlled and known. The particles, waves, 
and quasistatic electric and magnetic fields must be 
completely characterized by instruments in the interac- 
tion region. Remote diagnostics on STO, such as low- 
light-level television and X-ray images are required to 
deduce the results of the experiments. Table 2 
describes the diagnostic measurements. 

The thermal plasma (low-energy plasma) environ- 
ment also affects wave-particle interactions, and control 
of that environment will be important. The thermal popu- 
lation in an Interaction region near STO could be con- 
trollable by plasma generators. Whether controlled or 
not, measurements must be made of the thermal plasma 
to determine its characteristics. Plasma measurements 
required are given in Table 2. 

Remote sensing of waves and partic*es is in its 
infancy. Waves and particles have been detected from 
the ground which are thought to have participated in the 
wave-particle interaction shown in Fig. 7. Other wave- 
particle interactions have not been remotely sensed. 
Indirect remote measurements of the waves and parti- 
cles as they participate in interactions would allow 
vastly-improved knowledge of the interactions. For 
example, plasma turbulence should be measured 
remotely from the STO with coherent-scatter radar. This 
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turbulence is thought to be associated with electrostatic 
shocks on field lines connected to the auroral regions. 
These measurements would clarify the role of field- 
aligned irregularities in auroral particle acceleration. 

In order to obtain measurements over a wide 
variety of ionospheric and magnetospheric plasma and 
wave conditions, the STO should be kept in operation at 
least as long as a few solar rotations. It should be kept 
in mind that the experiments and measurements 
described here can be performed simultaneousiy with 
experiments and measurements designed to meet other 
objectives. 

Comptementary Measurements. The active experi- 
ments discussed above involve measurements in the 
interaction regions that are both near and very far away 
from the STO. There exists a broad category of active 
experiments that can be conducted using the STO as a 
base and subsateilites as nearby diagnostic companions. 
If the deep magnetospheric probes of the OPEN mission 
are in operation at the same time, the scientific return 
wiil obviously be enhanced because of the ability to 
measure plasma and wave environments in the very 
remote interaction regions. In addition, the Interplanetary 
Plasma Laboratory (IPL) spacecraft would be a valuable 
aid in planning the active experiments. Data from the 
IPL would give an indication of future magnetospheric 
conditions to determine whether the Equatoriai Magne- 
tospheric Laboratory (EML) wiil be in the interaction 
region during the experiment and will give an idea of the 
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degree of disturbance of the magnetosphere during a 
planned experiment from STO. Some experiments will 
require quiet conditions; others will require disturbed 
conditions, such as those during the recovery phase of a 
magnetic storm. 

3. Mavf^toaphere'lofioaphw* Maas Transport 

Objective. Determine what rrtechanisms are responsible 
for the exchange of plasma between the earth's magne- 
tosphere and the ionosphere and atmosphere. 

Overview. The o>tgln and transport of plasmas in the 
earth's magnetosphere continues to be a fundamental 
question in solar-terrestrial physics. The varying admix- 
ture of particles of solar' and ionospheric origin changes 
continuously in response to changing solar conditions. 
Two investigative approaches are appropriate to the 
study of this problem; passive in situ measurements, 
which are part of the ISEE, Dynamics Explorer, and 
OPEN programs, and active ion injection techniques, 
which can best be accomplished by the STO. The STO 
combines high power and remote sensing capabilities 
with an operational lifetime that is capable of covering a 
variety of solar and magnetospheric conditions. This 
combination enables it to make a unique contribution to 
understanding magnetospheric plasma origins through 
experiments involving active ion injection. 

Background. Beginning more than 20 years ago with 
the original measurement of the energetic particles 
trapped in the earth's radiation belts, there has been 
intensive research directed at gaining an understanding 
of the processes that supply plasma to the earth's mag- 
netosphere. Early measurements focused on the solar 
wind as the primary potential source of radiation belt 
particles, since the source strength provided by the solar 
wind was roughly commeni^urate with that required by 
the particles causing the aurora, and the efficiencies of 
the processes required to produce the fluxes and spec- 
tra observed throughout the magnetosphere from a solar 
wind source did not seem unreasonable. It was sug- 
gested that measurements of the mass and charge com- 
position of particles in the magnetosphere could provide 
unambiguous evidence regarding the origin of space 
plasmas because of the widely differing compositions 
provided by such candidate sources as the solar wind 
and the ionosphere. 

In recent years measurements have shown that 
plasmas with apparent origin in the ionosphere make up 
a significant fraction of the magnetospheric plasma. 
These measurements of particles in the magnetosphere 
with energies ranging up to many keV. but with a mass 


spectrum strongly suggestive of sn lonMpherlo source, 
caused a re-evaiuatlon of our concepts of the origin of 
the magnetospheric plasma population. 

Very recent measurements from the ISEE and 
P78-2 satellites have shown that in the outer magneto- 
sphere there is a continuum of energies present for 
those particles with characteristics suggesting an Iono- 
spheric origin. A full spectrum of particles (from less 
than 1 eV to greater than 10 keV) thought to originate 
from the ionosphere seems to be present. The 
processes by which these particles are injected from the 
ionosphere and the steps by which they are energized 
are described by several alternative theories, which 
need to be tested. Our present concepts seem to be 
leading toward a picture of circulation of mass in the 
magnetosphere-ionosphere syste.m: some particies are 
removed from the ionosphere, energized in the magneto- 
sphere, mixed with particles whose origin is the solar 
wind, and then precipitated into the Ionosphere, where 
the process may begin anew. Study of the temporal and 
spatial evolution of artificially injected ions, whose initisi 
phase-space parameters are known, can be used to infer 
processes that link the magnetosphere and the iono- 
sphere. 

Of the several missions planned by NASA in the 
1980s in magnetospheric physics, the OPEN program 
stands out as a comprehensive attempt to study the ori- 
gin and dynamics of the plasmas in the magnetosphere. 
Information from the Dynamics Explorer is also expected 
to shed new light on the question of plasma origins. The 
OPEN mission will be directed toward the study of these 
processes through an assessment of the plasma popula- 
tions enteritig the magnetosphere from the solar wind 
and from the ionosphere. The influence of the iono- 
sphere as a source and sink for magnetospheric parti- 
cles will be studied by OPEN using passive techniques 
only. The effectiveness of passive techniques can be 
greatly enhanced through complementary active experi- 
mentation. which injects tracer ions from ionospheric 
altitudes and studies the evolution of such tracers in 
phase space. Such active experimentation seems possi- 
ble only through the high power and remote sensing 
capabilities provided by the STO. For example, ions with 
unique and unambiguous signatures, such as lithium, 
might be injected using STO capabilities and traced 
using both in situ and remote sensing techniques. 

Recommended STO Measurements. In order to learn 
about the flow of mass between the ionosphere and the 
magnetosphere, a program of active experiments should 
be carried out using the facilities aboard the STO. 
These include chemical release modules as well as 
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high-power ion injectors. By releasing or injecting tracer 
Ions Into the magnetosphere from iortospheric altitudes, 
one has created test particles whose changing proper- 
ties are the result of the processes that energize, trans- 
port, and store ionospheric material. The atomic mass of 
the injected Ions can be varied as well as their energies 
and pitch angles. Varying these parameters and tracing 
the subsequent particle hiu,ory gives a direct measure of 
the magnetospheric plasma mixing processes. Such 
injection of plasma from within the magnetosphere is a 
direct analog to the injection of plasma from outside the 
magnetosphere on the AMPTE mission. The Ion injection 
facilities onboard the STO must be supplemented by the 
capability to perform diagnostics (1) aboard the STO, 
and (2) in close proximity to the STO via suitably instru- 
mented maneuverable and recoverable subsatellites and 
(3) remote diagnostics so that the composition of the 
ionosphere on the same magnetic field line as the STO 
can be determined via spectroscopy. Such a determina- 
tion is required in order to define the boundary condi- 
tions governing the active experiments we propose. In 
addition, (4) the tracer ions should be measured 
throughout the magnetosphere, in as many locations as 
possible, including measurements in the solar wind 
ahead of the magnetosphere. This last would be 
extremely useful in that the "state" o! the magnetosphere 
could be characterized, and active experiments could 
then be performed under well-defined magnetospheric 
conditions. The level and complexity of the diagnostics 
described above will, of course, depend on the details of 
design and outputs of devices discussed below in the 

Table 3. Active Magnetospherlc/lortospherlc Experiments 


STO Capabilities 

IMnirium 

A. Electron and ion Acceleration 

-variable energy (100 ev vE <100 KeV) 

-variable species (e. p. lie*. O*. Xe ) 

-various pitch angles 

-controlled pulse shape, pulse pattern 

B Chemical Release Techniques 
-gas releases 
-shaped charge releases 

C Remote Sensing/Imaging 

-high spectral resolution imaging in visible and near UV 
-reconstruct velocity profiles of chemical releases using lidar 

D Local Particle Diagnostics 

-ion and electrc^n distribution functions 

-both injected and natural panicles 

-high accuracy (—1%) in pil^h angle distribution 

Optimum 

A Increase power levels of panicle acceleration 


Magnetospheric/lonosphqric Inatrumantation section. 
None of the diagnostic requirements appears to stress 
existing technology. 

Given the local and remote-sensing diagnostic 
capabilities of STO sketched above. Its evolutionary 
growth can be envisioned in terms of two levels of capa- 
blSIty. These are outlined In Table 3. The left column 
gives capabilities of STO for minimum and optimum lev- 
els. The right column indicates how these capabilities 
are to be used for specific measurement programs. The 
minimum STO uses electron and ion accelerators to 
generate effects that it can observe itself in situ and 
through remote sensing. The optimum STO has 
enhanced power capabilities. 


Complementary Measurements. Several complemen- 
tary capabilities would greatly augment those of the STO 
itself. The most important is that of chemical releases 
carried out separately from the STO. whose effects can 
be measured directly and by remote sensing from STO 
Such effects can also be measured by remote sensing 
from the ground and balloons. It is also obvious that in 
situ measurement of ions injected from the STO. at 
remote locations throughout magnetosphere, is highly 
complementary. Such an augmentation of the STO 
capabilities would be possible >f the OPEN mission were 
in operation. The basic STO capabilities would also be 
augmented by chemical releases from rockets and by 
ionospheric heating from ground-based radars. 


STO Measurements 

Using STO local wave and particle diagnostic capibilities and remote 
sensing/'imaging capabilities, measure how identifiable sets of particles 
are affected by naturally occurring wave, particle, and field environment 
over a range of magnetospheric activity Use STO capabilities to monitor 
ground based experiments related to ionospheric modifications 


Increase power levels sufficiently to alter properties of ionosphere 
Study ionosphere- magnetosphere coupling as f jnctton of controlled 
properties of ionosphere Carry out controlled modification of iono- 
sphere over a range of magnetospheric and solar activity 
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OroOlNAL PAGE IS 
OF POOR QUAtnY 


4. Global Boetrte Circuit 

Obicetiva. D 0 t 0 rmlri 0 th 0 n$tuf0 %nd v 0 ri 0 bHity of th 0 
glob 0 l 0l0Ctric circuit end Its rol0 In th 0 ctwntetry end 
energetics of the etmoephere. 

Ovcrvlow. Early concepts of the etmospheric electric 
circuit have given way to a broader view that encom* 
passes the atmosphere, ionosphere and magnetosphere. 
Correlated measurements of the elements of this global 
circuit are in their infancy. In order to advance our 
understanding, a broad collection of observations must 
concentrate in particular on the relationship of changes 
in the Ionospheric potential distribution to changes in the 
lower atmospheric electric field. The STO provides a 
combination of accommodations for observing the global 
electric circuit that are not available through traditional 
free-flyers or Spacelab. The combined capabilities of 
STO for remote sensing, high-power active experimenta- 
tion, and tethered subsatellites would be enhanced 
further by coordination with measurements from free- 
flyers. the ground, airplanes, and balloons. 


le ckg r o u nd. The global electric circuit, (Mven in pert 
by thu n der s torm currMte, In part by fielda generatad 
vrithin the magnetoephere, and In part by the Interaction 
of the aolar vrind with the magnatoephara, has bean pos- 
tulated to play a vary important role in connecting the 
atmosphere, ionoaphere, and ma^tosphere. Until vary 
recently, the various components of this global electric 
circuit had only been considered end studied separately. 
Historically, the greatest attention has been paid to elec- 
tric fields in the lower atmosphere, where, according to 
the ’classical picture* of atmospheric electricity, the 
totality of thunderstorms acting topether at any time 
charges the ionosphere to a potential of several hundred 
thousand volts vrith respect to the earth's surface, as 
shown schematically In Fig. 8. This potential differerree 
drives a vertical electric current downwards from the 
ionosphere to the ground In all nonthunderous or fair- 
weather regions. The fair-weather electric current varies 
according to the ionospheric potential and the total 
column resistance between the ionosphere and the 
ground. 





Rg. 8. A schematic nMdol of the global electric circuit (from Hayes, P.B., and Roble, R.Q., 1979: J. Geophys. 
Res. 84, 3291). 
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In tha past It has baan asaumad that the "upper 
alactroda" of this global electric circuit has tha same 
potential at all latitudes and longitudes. The atmo- 
spheric electric equalizing layer of this classical picture 
is located in the mesosphere, where, within a relatively 
short vertical distance, the conductivity Increases by 
orders of magnitude, thus constituting a quasl-electrode. 
Recent studies have suggested that it may be important 
to consider the large horizontal potential differences 
which are Known to be present at Ionospheric heights. 
Some of the major souices of these potential differences 
are the various ionospheric dynamo systems and the 
high-latitude generator associated with the magneto- 
spheric convection fieids. 

The magnetospheric convection electric field is 
caused by the interaction of the solar wind with the mag- 
netospheric cavity. This interaction causes the plasma 
deep in the magnetosphere to circulate. The electric 
fieid arising from this plasma circulation is mapped down 
to the ionosphere along magnetic field lines, which are 
usually good conductors. The mapping of the magneto- 
spheric electric field onto the Ionosphere is not perfect. 
In some regions, the magnetic field lines are not good 
electrical conductors and parallel electric fields arise. 
The potential drops appear to be distributed along the 
field lines and to extend to high ionospheric altitudes. 
However, this has not been shown unambiguously, nor 
do we Know what process leads to the breaKdown in the 
electrical conductivity. 

The cosmic ray flux that bombards the earth's 
atmosphere produces the ionization that maintains the 
electrical conductivity of the atmosphere below about 60 
Km. This cosmic ray flux varies with magnetic latitude 
due to magnetic shielding of particles by the earth's 
magnetic field. During solar proton events, magnetic 
storms, and Forbush decreases, the bombarding cosmic 
ray flux is modulated by processes in the heliosphere. 

We are just beginning to assemble information on 
the contributions of the different circuit elements to the 
overall global electric circuit. Of primary importance is 
the testing of the postulated linKage between the electric 
fields present in the lower atmosphere and those of the 
ionosphere, which in turn are closely linKed to the mag- 
netosphere. Are there thunderstorm signatures in the 
ionospheric convection patterns? Do large magneto- 
spheric storms affect the fair-weather electric field? Do 
solar flares cause direct c'.ianges in the ionospheric 
potential and the air-earth currents? Ail of these ques- 
tions are part of a larger problem of determining the linK- 
ages that contribute to the giobal electric circuit. 


Rt o omiiinded 8TO MMSurMMnts. STO obaervatlona 
of the global circuit will be very exploratory In nature. A 
Key element to be determined Initially Is the relationship 
between changes In the magnetosphere and lonoapheric 
potential and changes In the tropospheric electric field. 
This Implies a need for coordinated meeaurements of 
electric fields from or near STO using subsatellites, 
chemical releases, and the tethered particles and fields 
probe and in the lower atmosphere using ground-based, 
tethered balloon, balloon, and aircraft electric field, 
current, and conductivity measurements. One series of 
experiments might looK for changes In the ionospheric 
electric field near STO during the occurrence of thun- 
derstorms below or at the conjugate point to STO. A 
corollary experiment might search for changes in the tro- 
pospheric electric field in the tropics during disturbed 
magnetospheric conditions or following solar flares 
observed by STO. Direct STO measurements of precipi- 
tating magnetospheric energetic particles and the 
effects of solar proton events can be compared with 
changes in the fair-weather electric field and currents or 
the ionospheric potential. 

It is also possible to develop a series of informa- 
tion sets on other elements of the global circuit. These 
include remote probing of parallel potential drops using 
chemical releases and particle injection, multipoint 
measurements of field-aligned currents from subsatel- 
lites, two-dimensional measurements of electric field 
patterns using a coherent-scatter radar on STO, and 
tethered satellite measurements of currents closing 
through the E region. A final stage of the measurements 
could involve the active modification of the circuit using 
chemical releases or electron beams to change the 
ionospheric conductivity. Throughout these measure- 
ments the low-altitude electric field, currents, and con- 
ductivity would be continuously monitored in a coordi- 
nated manner. 

Measurements of the dawn-dusK potential 
difference along the orbital path should be conducted 
from the STO and compared with measurements in the 
lower atmosphere. These measurements can be corre- 
lated with interplanetary measurements, and used to test 
theories of their relationship. From an advanced STO, 
lightning occurrence measurements should be made and 
compared with STO electric field measurements These 
measurements, combined with those of operational 
meteorological satellites, will permit studies of the rela- 
tionships between solar flares, thunderstorms, and 
world-wide cloudiness. STO contributes Key capabilities 
fc. jII these studies 
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Comp l nf nt ary HMWirwiMiits. The STO cen make 
major advancaa toward this objective on ita own. How- 
ever, varioua suworting meaaurementa would appreci- 
ably enlarge thr value and scope of the studies. Com- 
plementary measurements should be made of the lovrer 
atmospheric electric field, from the ground, tethered and 
free-flying balloons, and aircraft. In the ionosphere, sub- 
sstellltes and multiprobes should be used In conjunction 
with STO chemical releases and remote sensing. The 
Interplanetary and solar measurements described in 
Objective 1 should be made to determine the solar and 
interplanetary parameters associated with atmospheric 
and magnetospheric electric field perturbations. Opera- 
tional meteorological satellite data can be used for glo- 
bal cloud cover information. Electric fields across the 
polar cap as measured by a series of barium releases 
can be compared with aircraft measurements of the tro- 
pospheric electric field below. Finally, measurements of 
the particle population from STO can be combined with 
cosmic ray data from the ground and a companion 
spacecraft in the interplanetary medium. These flux 
measurements will then be used to calculate the height, 
latitude, and time variations of electrical conductivity 
and space charge deposition rate to evaluate their effect 
in perturbing the global electric circuit. 

5. Upper Atmospheric Dynamics 

Objective. Establish the nature of the dynamic response 
of the upper atmosphere to solar-induced changes in the 
energy and momentum input. 

Overview. The motions of the upper atmosphere are 
dramatically influenced by changes in the energy input 
from the sun. both directly and by way of the earth's 
magnetosphere. Through remote sensing, the STO will 
be able to observe the major inputs to the upper atmo- 
sphere over large areas of the earth while also observing 
the heating and winds that constitute the atmosphere's 
dynamic response. The STO combines the capabilities 
of simultaneous solar and terrestrial pointing, consider- 
able instrument size, and long duration to cover a variety 
of solar and magnetospheric conditions. 

Background. The upper atmosphere responds dynami- 
cally to variations of the solar irradiance. the solar wind, 
and energetic particles. Solar irradiation influences the 
conductivity and heating of the thermosphere. The irra- 
diation varies on a wide variety of time scales, down to 
even a few seconds. While the earth's ionosphere is 
known to respond to these variations down to the short- 
est time scales, the variations of interest for this objec- 
tive are on scales of roughly tens of minutes or greater. 


In addition to the aolar radiative output, the 
behavior of the solar wind is also relevant to this objec- 
tive, because of its interaction with the neutral atmo- 
sphere through the magnetosphere. Variations in the 
solar wind speed and magnetic field direction incident 
upon the magnetosphere occur both because of the 
structure of streams in the solar wind as they are swept 
past the earth by solar rotation and because of transient 
perturbations In the solar wind caused by stream-stream 
Interactions, solar mass ejection events, and solar flares. 
Thus, both the interplanetary field direction and the solar 
wind velocity are a result of coronal magnetic structures 
that were originally present at the sun and propagated to 
earth. 

The earth's magnetosphere is a link in the transfer 
of solar wind perturbations into the upper atmosphere. 
The magnetospheric energization effects in the upper 
atmosphere are caused by two primary processes — par- 
ticle precipitation and Joule heating. 

The solar wind induces a dynamic circulation 
within the magnetosphere. This circulation causes a 
motion of the magnetospheric plasmas which can lead to 
their energization and subsequent precipitation, leading 
to direct heating of the atmosphere owing to a variety of 
inelastic processes. The spatial and temporal variations 
of the precipitating particles have not been routinely 
observed over broad spatial areas of the auroral oval. It 
is this large-scale deposition of energy that is instru- 
mental in thermospheric heating. 

In addition to the modification of energetic particle 
dynamics, the solar wind also drives the drift motion of 
the ionospheric particles of the E and F region. In the 
high-latitude auroral region, these particles can reach 
velocities of 1 km/s or more driven by strong electric 
fields resulting from solar wind influences. At thermo- 
spheric altitudes the drifting ionospheric particles collide 
with the atmospheric neutrals, resulting in heating and 
consequent neutral winds. This heating process can be 
comparable in magnitude to the direct particle- 
precipitation-induced heating of the auroral ovals and 
can thus strongly affect thermospheric dynamic 
processes. As in the case of the precipitating particles, 
the spatial and temporal variations of the Joule heating 
during different solar wind and hence different magne- 
tospheric conditions are not well known. The accurate 
understanding of the atmospheric response is dependent 
on knowing the distribution and changes of this energy 
source. 

The unperturbed mean meridional circulation and 
latitudinal temperature structure in the thermosphere are 
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Fig. 9. Effects of geomagnetic storms on thermospheric winds. Corresponding aurorai structures (fibove) and 
wind patterns (below) are shown. The shaded areas indicate wind directions, opposite to those driven by solar 
EUV and UV heating alone, which are caused by plasma convection and particle precipitation 





primarily controlled by heating due to the abeorptlon of 
solar EUV and UV radiation. Hov ever, this basic struc- 
ture is perturbed by the heat and momentum sources 
derived from the Interaction of Ionospheric plasma con- 
vection and auroral particle precipitation with the earth’s 
atmosphere. Rather simple nradeling efforts guided by 
experimental measurements have led to a crude under- 
standing of the mean meridional circulation in the ther- 
mosphere (see Rg. 9). If only solar heating Is used to 
drive the thermosphere In these models, as might occur 
during very quiet geomagnetic periods, the mean circula- 
tion during equinox is from the subsolar point over the 
equator to high latitudes. FOr average geomagnetic 
activity, a hi|R-latltude heat source associated with 
auroral act vlty (le.. Joule and particle heating) is super- 
posed upon the basic solar heating distribution. During 
equinox, the high-latitude heating is found to be 
sufficiently large to reverse the direct solar-driven clrcu- 
laticn above about 1 50 km to 40* latitude. 

Models of the thermospheric mean meridional cir- 
culation, guided by experimental results, suggest that the 
global high-altitude er^ergy input varies by a factor of 
about 4-5 between solar minimum and solar maximum 
and that there la 2-3 times more auroral heating in the 
summer hemisphere than in the winter. These modeling 
results also show that the high-latitude energy input is 
redistributed globally by dynamical processes before 
being conducted downward to the vicinity of the meso- 
pause. Direct information about high magnetic latitude 
energy input due to auroral and high-latitude processes 
along with information about the ultimate disposition of 
this energy is sparse, however. 

The rather spotty thermospheric measurements 
that have been made so far reveal various phenomena 
that are probably of global importance. However, these 
measurements suffer greatly from a lack of global cover- 
age. What is needed So achieve understanding of upper 
atmospheric dynamics is a more global set of wind 
measurements, including both diurnal effects and dis- 
turbed conditions, at several heights within the thermo- 
sphere. These will mske a major step toward under- 
standing what happens to the solar energy put into the 
terrestrial system snd how it couples through the mag- 
netosphere into upper atmospheric dynamics, chemistry, 
and radiation. 

There now exists a theoretical understanding of 
thermospheric dynamics that goes beyond the simple 
longitudinally averaged picture of Fig. 9. Predictions 
exist of how wind systems depend on latitude, longitude, 
and nonsteady heating. What is needed to test these 


theories Is a global observing c'.apablllty. This Is now 
possible, through the unique capabilities of the 8TO. 

W e e oiw m e m le<a ITO Mee eu re m e nts . The origin of Joule 
and particle heating as wall as the stmMphere's 
dynamic response entulls mMSurements of the sun, the 
magnetoephere, end the earth's atmosphere. 

Since the energetic chain begins at the sun, meas- 
u.'ements of both the sun’s electromagnetic energy and 
corpuscular output are required. Measurement of the 
solar irradiance at wavelengths shorter than 2300 A, the 
range of Importance to mesospheric and thermospheric 
heating should be made. The EUV Irradiance at 
wavelengths from 100 to 1030 A Is doubly Important 
since It both ionizes and heats the tharmoephere. Meas- 
urements to link the magnetoephere to the interplanetary 
medium obviously cannot be made from the 8TO, but 
require the complementary measurements discussed 
below. 

The measurement program to understand the role 
of the magnetosphere in the global determination of the 
energy deposited in the uiH>er atmosphere by particle 
precipitation and Joule heating can best be accom- 
plished through the use of remote sensing techniques, 
which have first been calibrated through simultaneous 
remote sensing from STO and in situ measurements 
from subsatellites. Later, the visible and ultraviolet 
spectral images of the aurora which are obtained from 
the STO can be used to infer the particle spectral 
characteristics and pitch-angle distributions. From the 
STO. two-dimensional mosaics of the aurora can be built 
up. as a function of position and time. These images 
then provide a spatial and temporal rrieasurement of the 
energy deposition by precipitating particles. 

The determination of Joule heating characteristics 
follows a similar approach, through remote sensing 
measurements that have beer calibrated through in situ 
subsatellite measurements. In this case, the remote 
sensing is accomplished through coherent- scatter meas- 
urements made from the STO. These radar measure- 
ments are used concurrently with the optical measure- 
ments to study broad swaths adjacent to the orbital 
track. The optical spectral signatures give information 
on the precipitating particle specira, from which a verti- 
cal ionospheric density profile and hence conductivity 
model can be derived. The radar measurements of the 
ion drift give a two-dimensional distribution ri the per- 
pendicular electric fields in the same rpatial area. 
Finally, the ion drift and particle precipitation information 
are combiiied into a mosaic which bullr^s up a spatially 
and temporally evolving picture of the large-scale energy 
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(tepoatlon, thus provkUng • global picturo of tho onorgy 
Input. 

A final alamant uf anargy Input atudiaa In the atmo* 
aphara concamt tha maaauramant of vary high anargy 
particlaa during polar cap abaor^lon (PCA) and rala- 
tlvistlc alactron precipitation (f^P) avanta. Hare, diract 
maaauramanta of tha apactra of (ha 100 eV - 5 MaV 
alactrona end 10 kaV - 100 MaV protona ara combinad 
with Imaging of tha bramaatrahlung X>raya (10 kaV - 1 
MaV) to datarmina to axtant of tha anargy Input. Spatial 
covaraga of tha PCA avanta la limited to diacrata maaa- 
uramanta along tha aatallita track while the X-ray Infor- 
mation covara a two-dlmanaional area. 

Finally, tha raaponaa of tha atmoaphare to tha 
changed aolar and magnatoapharic inputa muat be 
maaaurad. Thia la dona through Intarfaromatric remote 
aanaing of tha profllaa of a variety of ultraviolet, vialbla 
and infrared amlaaion linaa. Tha intarfaromatar la 
acannad both parallel and perpendicular to tha earth's 
limb. From tha amlaaion line maaauramanta. tha tam- 
paratura and velocity will be datarminad, with tha 
daalrad resolution in temperature (a taw K), height (a few 
km), and velocity (a few m/a). In this way one measures 
over ^ wide swath near the STO orbit the temperature 
and wind response that is due to tha maaaurad changes 
in tha EUV and UV solar output, precipitating particles, 
and currents. 

Along with tha dynamic affects, chemical changes 
taka placa. which can also be measured from STO. 
These ara discussed primarily in Oblactiva 6. However, 
wa mention hare the value of STO maaauramanta of 
nitric oxide and atomic nitrogen, which ara very impor- 
tant not only for chamiatry. but also for dynamic solar- 
terrestrial procaasas. STO will be able to measure the 
particle influx, the amount of NO produced, the transport 
of NO by the wind system genet atad by the aurora! 
activity and magnetospheric convection, and finally the 
cooling of the auroral regions by NO radiation. 

With the STO it will be possible to do a particularly 
good job Of determining how far down into the atmo- 
sphere (say the ionospheric E-region or the D-region) 
auroral forcing of neutral dynamics is important. Deter- 
minations can be made of whether these E region effects 
are confined to high latitudes or are ntore global in 
nature. More importantly. STO will be sole to provide 
enough simultaneous aolar and magnetospheric data to 
determine why the observed effects occur 

The measurements tor this ot^ective must be car- 
ried out over a long period of time in order to determine 


the atmospheric response to the broad variety of magna- 
tospherlc oondHlona Induced by chan^ng solar svsnts. 
It la Inaufficisnt to dspsnd on asparsts IHghta of short 
ona-waak periods to cover these broad, changing solar 
conditiona. 

Co w p l a m an t afy Ma aaur a w an ta . Tha anargy Input and 
the atmospheric response can obviously be maasurari 
adequately trom STO alone. It would, however, enhance 
the scientific return if the more coarse global auroral 
imaging systems on Dynamics Explorer and OPEN could 
be brought into play. These continuous global images 
vrould com^Xement the high-resolution images made 
trom STO. In addition the IPL spacecraft from OPEN 
could measure the changing s(Har wind parameters as 
advance warning for changing energy input conditions. 
Qround-baseil coherent and incoherent scatter radar 
facilities would be most complementary to the STO 
measurements, since they sweep out a changing local 
time view of the auroral oval as compared to the chang- 
ing latitudinal mosaic view from the STO orbit. Finally, 
grcjnd-based measurements (riometers and ^ical 
instruments, for example) will help in determining the 
morphology of ths very high latitude energy input. 

S. MIddIa Atimtapharle Chamiatry and 
Enargatica 

Oblactiva. Oeferm/ne the effecfs of chongo$ in tho oolor 
onorgy input on tho chomistry ond onorgotics of tho stra- 
tosphoro. mososphvro, ond lower thormoophoro. 

Overview. The chemistry of the middle atmosphere Is 
very sensitive to both solar radiative inputs and cosmic, 
solar, and magnetospheric particle inputs. From the STO 
one can sense both these inputs and their terrestrial 
consequences over maior areas of the earth. The meas- 
urements for atmospheric chemistry call for instrumenta- 
tion of considerable size and mass. The STO makes it 
possible to place such instruments in orbit long enough 
to sample a wide variety of solar-terrestrial everts, as 
well as to observe the solar and magnetospheric energy 
inputs simultaneously. 

Beckgrouitd. Major changes in the flux of energetic 
particles into the upper atmosphere and changes in the 
ultraviolet radiant input from the sun can significantly 
perturb the delicately balanced chemistry and energetics 
of the upper atmosphere The steady-state energetics 
and chemical composition of the upper atmosphere at 
low latitudes are determined almost entirely by tlie solar 
radiant input at UV and visible wavelengths Solar and 
galactic energetic particle inputs play a rather minor 
role. However, perturbations from major energetic 
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p«rtlol« prtelpHatlon tv«ntt can b* of conmtrawo nwg* 
nitudo to tftoM oocurrlng ■■ i roault of ohonfiM In Iho 
•olar radiant Input. For tnia obiaotiva wo doaortto tha 
dapoBitlon (H UV adar radiation and both aolar and 
magnato^tarlc anargatic partlolaa, aa thay affoot pri- 
marily tha parturbatlona to tha ataady-atata ohamlatry of 
tha atratoaphara and maoMphara. Of courao, tha anar- 
gatica, ohamlatry. and dynamloa of tha atmoaphara ara 
cloaaly couplad, thjt for purpoaaa of diacuaalon wa focua 
on ohamlatry and anargatica. 

Molacular oxygon domlnataa tha abaorpllon of 
adar ultravidot radiation from tha lowar tharmoaphara 
down to tha atratoaphara. Tha phdodlaaociation of oxy- 
gon and oaona la thua diraotly ralatad to tha Intanaity of 
tha ah^twava aolar radiation from X-raya through 
3100 A. Tha currant atata of knowladga d tha apaotral 
variability of tha aolar UV and EUV radiation, and tha 
rdationahip batwaan thaaa varlationa and adar activity, 
hava boon raviawod undar Objactiva 1 . 

Sourcaa of ionization in tha uppar atmoaphara ara 
Important in tha anargatica and tha chamiatry of tha 
minor apaclaa. Largo varlationa in tha ionization may 
alao affect aaroaol formation in tha atratoaphara and 
modulata atmoapharic alactricity through conductivity 
varlationa. Our undaratanding of thia aapact of tha 
raaponaa of tha atmoaphara to ita anargatic anvironmant 
ia in a ralativaly aarly atage. It ia Important to datarmlna. 
for the middle atmoaphara aa a whole, tha ralativa 
aignificanca of tha ionization rataa from tha ataady-atata 
(quiaacant) aourcaa and to compare thaaa with the 
raaponaa of tha atmoaphara to tranaiant phanomana. 
Tha energy rangaa of intaraat hare ara radiation from 
ahort UV wavelengths to X-raya. elactrona from about 
10*- 10' eV, and protona with energlaa > 10 MeV. Tha 
ionization, which is strongly dependent on latitude and 
altitude, results from solar 'JV radiation, nonflare and 
flare-associated solar X-rays, magnetospheric electron 
precipitation. X-ray bremsstrahlung, and solar and galac- 
tic cosmic mys These inputs have t>oth steady (quiet) 
levels and major variations. 

Dramatic effects occur due to both direct solar 
radiative inputa from flares and precipitation of electrons 
from the magnetosphere Large fluxes of solar flare pro- 
tons (with energies > 1 0 MeV) cause prolonged, intense 
Ionization at all altitudes trom the stratosphere to the 
thermosphere over the polar regions The ionization 
rates during solar proton events are far in excess of 
those from any other sources from the mesopause down 
to the lower stratosphere A feature of the resultant ioiri- 
zatlon rate profiles is that the maximum occurs at atti- 
tudes that vary between 40 and 80 Km. suggesting that 


the energy distributions of Individual events may very 
consWersMy. This may recult In significantly differwit 
effecto in terms of the persistence and propegatk>n of 
the chemical Impact of the event. 

The dominant chemical processes occurring 
throughout the stratoephere, meaote>here and khver ther- 
mosphere involve oxygen and ozone, ^one is produced 
as a result of the combination oxygen atoms and oxy- 
gen molecules in the presence of a third molecule, nitro- 
gen or oxygen. Tho ratio of atomic oxygen to ozone is s 
Key characteristic of the differences In the chemistry 
and transport effects that occur in each of the altitude 
ranges of Interest. 

The catalytic cycle involving hydrogen is of partic- 
ular interest, since it can be significantly modified under 
conditions where the solar or energetic particle input 
undergoes a major change. 


R e c o mm ende d STO Meeeurements. In order to test (or 
perturbations to the steady-state chemistry, simultane- 
ous measurements of O 3 and the reactive nitrogen 
species should be made through the stratosphere and 
mesosphere, and of Oj with the water-related species 
through the mesosphere and lower thermosphere. In 
addition, the Os photolysis rate in the mesosphere and 
thermosphere should be monitored, by measuring the 
emission from excited-state molecular oxygen (’A,) and 
OH respectively. The ozone concentration can be meas- 
ured up to —70 Km by the now standard method of 
inversion of its 9.6 (tm limb radiance, a^ d by high- 
resulution occultation or limb emission observation (or 
altitudes up to —100 Km. The stratospheric NO abun- 
dance can be observed from the 5.3 fundamental in 
the ground state, and the excited vibrational states used 
for NO in the upper mesosphere and lower thermo- 
sphere. The iTieasurement of NO; (0.44 ;tm and 6 
band absorptions) together with Os will give the destruc- 
tion rate of odd oxygen in the region of the peak ozone 
abundance. Water vapor can be measured by broad- 
band limb radiance inversion (6.3 >xm band) up to —60 
km: with moderately high spectral resolution the altitude 
range can easily be extended to the lower thermosphere. 
These measurements differ from those to be made on 
the Solar Mesospheric Explorer (SME) in the greater 
range of species to be monitored and particularly In the 
extended altitude range (into the lower thermosphere) of 
the STO measuremertts The individual species to be 
monitored are summarized in Table 4: in conjunction 
with these, the temperature and wind field and the radi- 
ant and energetic particle input should also he measured 
as discussed under other objectives 
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TabI* 4. Summary of Racommondad Maasuramants aphera. An overall summary of these measurements is 
for Middle Atmospheric Chemistry and Energetics. given in Table 4. 


1 . Solar radiation, energetic particles (See Objective 1) 

?. Temperature: global. 20-120 km. Az > 2 km; AT » 2 K. 

X Winds: Horizontal component. Au - 5 m/s (See Objective 5) 
4. Atmospheric radiation; 


Species 

Wavelength Range (jam) 

Objective 

02 

1.27, 1 68 

Photolysis rate 

03 

9-11 

Chemistry, Energetics 

OH 

1.5-4 

Chemistry, Energetics 

HjO 

6.5 - 25 

Dynamics. Chemistry 

NO 

5.3. 2 8 

Chemistry, Exchange Procedures 

NO 2 

0.4.6 

0. 03 Destruction 

CO 

47 

Dynamics, Energetics 

CO 2 

2.8. 4.3, 10.6, 15 

(Temperature). Energetics. Dynamics 


The effects of transport on the local chemical bal- 
ance in the region of the mesopause can be determined 
from high’Spatial-resolution measurements of the verti- 
cal distribution of H^O and CO. Important indicators of 
the vertical (eddy) circulation of C. H, and O. its effects 
on the phctochemicaj equilibrium, and changes to the 
balance that may occur from energetic events, can be 
gained by monitoring the profiles of the pairs of related 
species CO and CC 2 , H and H 2 O, O and O 2 in the region 
across the mesopause into the thermosphere. 

For energetics of the mesosphere and the thermo- 
sphere, measurements should be made of the emission 
from the many Infrared vibration-rotation bands of CO? 
and O 3 that can provide the radiation paihs for the remo- 
val of absorbed solar energy. Also Important as an indi- 
cator of the complex dynamics and energy exchange 
processes taking place fn this region of the upper ^atmo- 
sphere is the OH chemiluminescence (airgicw) which 
radiates over a wide wavelength range In the near- 
infrared. The OH emission, which results from the reac- 
tion between atomic hydrogen and ozone molecules, 
shows variability In intensity and spectral structure in 
response to geomagnetic activity, but the detailed 
mechanisms of the energy transfer are not known. As 
mentioned earlier, the oxygen airglow, which Is produced 
by dissociation of Oa (Hartley bands) and radiates at 
altitudes above about 50 km. provides a direct Indication 
of the rate of ozone photolysis Observations of these 
emissions throughout the mesosphere and lower thermo- 
sphe»’e, together with monitoring of the radiant and 
particulate energy input, should lead to a clearer under- 
standing of the detailed energetics of the upper atmo- 


Complementary MMwreiMntt. The complementary 
measurements appropriate for this objective are the 
same as those for Objective 5. 

7. Lower Atmospheric Turbidity 

Objective. Establish the nature of the relationship 
between the variable solar input and the properties, 
extent, and radiative effects of aerosols and clouds in 
the lower atmosphere. 

Overview. Atmospheric turbidity (aerosols and thin 
clouds) may be affected significantly by changes cf ioni- 
zation or ultraviolet radiation in the lower atmosphere. 
These changes may be caused by solar activity directly 
or indirectly through stratospheric ozone. The relation- 
ships among these quantities lack obseivationai 
verification. This objective requires at least several 
months of observation of the solar radiative input and 
lidar measurements of atmospheric aerosols and clouds. 
The STO provides the necessary combination of long- 
duration operation with the high power and volume 
reqi ireo oy the lidar. 

Background. The radiative balance of the atmosphere 
is substantially affected by its turbidity, which is pro- 
duced by various sources. If atmospheric turbidity is 
significantly affected by solar activity, the turbidity varia- 
tions may provide a connection between solar variability 
and lower atmospheric energetics. Figure 10 illustrates 
some paths by which this connection might possibly 
occur. 

Cirrus clouds are an essential component of the 
path on the left-hand side of Fig. 10, in which solar 
activity changes the flux of ionizing radiation, which 
affects cirrus cloud formation. Changes in the clouds' 
radiative effects might then alter pressure and circula- 
tion over large regions of the atmosphere. Neither this 
chain of interactions nor any of Its major links has yet 
been demonstrated to occur with the necessary fre- 
quency to be a significant sun-weather link. For exam- 
ple. the only solar influence on ionization that has been 
shown to extend so deeply Into the atmosphere with 
sufficient frequency and strength is solar modulation of 
galactic cosmic rays. The increased protons and X-rays 
emitted directly by the sun during solar active periods 
are expected to be insignificant as a sun-weather link, 
because they very rarely penetrate to the tropopause. 
Another possible means of solar influence on near- 
tropopause Ionization is downward transport of ions 


21 


ORIGINAL PAGE IS 
OF POOR QUALITY 



Hg. 10. Possible links between soler activity, turbidi* 
ty, and lower atmospheric energetics. Objective 7 is 
contained in the outer dashed box. 


generated higher in the atmosphere. This possibility 
cannot be ruled out, but its time scale and ultimate 
effectiveness remain to be evaluated. The link between 
ionization and cirrus cloud formation also remains to be 
demonstrated. 

The alternate path on the right side of Fig. 1 0 may 
provide a solar-cirrus connection that does not depend 
on ionization. It depends on a solar-induced change in 
lower-atmospheric ultraviolet irradiance, which would in 
turn affect those atmospheric aerosols (stratospheric, 
urban, vegetative) that are in pp'* formed from photo- 
chemically active precursor gases. The magnitude of the 
effect of irradiance-induced aerosol variability on the 
radiation balance or on cloud formation has not been 
studied quantitatively. 


The last major link of the patha considered here is 
between cirrus clouds or aerosola end the earth- 
atmosphere radiative balance. Cirrus and aerosol radia- 
tive effects can be significant in both the solar (X > 3 
Min) and terrestrial (X < 3 Mm) parts of the spectrum. 
For the common case of horizontally extensive cirrus or 
aerosol layers, current radiative transfer models can 
predict these radiative effects if they are given sufficient 
inputs on the cirrus or ae.'osol optical properties 0«.. 
spatial and temporal extent, optical thickness, and parti- 
cle composition, phase, shape, size distribution, and 
orientation). However, obtaining an artequate 
specification of these optical properties for given regions 
and periods has been essentially impossible in the past. 
(See Measurements section below.) 

The nature, extent, and radiative effects of aerosols 
and clouds are the subject of several current and 
planned NASA missions. Current and planned sensors 
of stratospheric ozone are also of interest to this objec- 
tive, because of ozone’s role in determining tropospheric 
ultraviolet radiation and the role of UV in determining 
aerosol precursor gas concentrations. However. STO is 
unique in its attempt to document links between solar 
variability and lower atmospheric turbidity, or indeed 
even to make a systematic global survey of tropospheric 
aerosols and tenuous clouds. STO will build on other 
missions and programs in two principal ways; (1) by 
combining the solar-variability-oriented and atmo- 
sphere/radiation-oriented measurements and analyses; 
(2) by providing long mission duration, as required to 
develop the large data base necessary for confirming a 
solar-induced "signai" among the vast amount of "noise" 
created by other atmospheric influences on turbidity and 
radiation. 

Recommended STO Measuremcmts. To establish 
whether or not there are significant links between solar 
activity and lower atmospheric turbidity, STO will make 
measurements from the sun to the lower atmosphere. 

Table 5 lists the measurements required for Objec- 
tive 7, grouped into minimal, improved, and optimal sets. 
The table is largely self-explanatory, but the following 
points should be noted. 

For the solar output and magnetospheric precipita- 
tion subsets of the minimal set, specific particle types 
and energies have not been listed, because accurate 
determination of the necessary ranges requires careful 
study of the existing data on particle fluxes and ioniza- 
tion profiles, plus calculations that link the two. Such a 
study should be conducted before making the final 
determination of flight hardware. 
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TaM* S. Summary of W a c o m ma nd ad M a a a ur a m an t t 
for Lowar A fmo apharto Turbkttty 


VBiitiiWI W1 

So^f HicNaf/on. Measura the tolar etectromagnetic radiation in the 
wavelenf^ range 2900 to 3500A. Accuracy: 10% In apectral Intervals 
of AA ^ 50A. 

MagnefosAAedc Precipitation. Measure fluxes of high-energy electrons. 

Aeroeois end Thin Cioude. Altitude Z > 0-20 km: AZ » 1 km. Measure 
vertical position and horizontal extent, optical density In visible and 
infrared. Sensitivity: to detect layers of optical thickness 8 > 0.01 

Berth Redietion Budget Measure incoming and outgoing radiation in 
broad and narrow spectral bands of the solar and terrestrial spectrum 
(as with ER6 sensors). If possible match field of view to aerosol and 
cloud neasurements. Accuracy: 0.5%. 


Improved Set. add 

Sfrafosphenc Ozone. Measure column content. C. above tropopause. 
Accuracy: 8C - 0.01 atm cm. This accuiacy permits determining the 
transmission. T(x), to an accuracy of ~ 10% at X « 3000A. 


Optfmel Set. add 

Tempereture. Humidity, Pressure. Z — 0 to 30 km; AZ = 1 km. Accu- 
racy: 1”C. 10% relative humidity. 1 mb. 


For aerosols and thin clouds, the requirement for 
1-km vertical resolution stems from the fact that these 
constituents frequently form (and persist) in such thin 
layers. Similarly, the requiremerit to detect optical 
thicknesses of 0.01 comes from the need to observe tur- 
bid layers in their earliest formative stages, when they 
are very tenuous. 

The minimal set of measurements listed in Table 5 
would provide an improved data base in which to search 
for correlations between solar activity and aerosol and 
cloud behavior, plus an improved data b .se on directly 
measured radiative effects of aerosols and thin clouds. 
However, improved measurements vrauld be required to 
test specific links in the proposed chains and to under- 
stand the physical bases for any observed correlations. 
The additional measurements listed in the improved set 
would quantify the ultraviolet variations available to 
influence aerosol formation. 

In the optimal set the requirement for vertical reso- 
lution of 1 km stems from the fact that aerosol and cloud 
layers are frequently this thin, and they interact with 
temperature and pressure differences on such a fine 
vertical scale. 


Finally, because there are many factors that affect 
aerosol and cirrus formation independent of solar 
activity, any survey type of study (as enabled by the 
minimum measurement set) requires a long data base 
Initially of at least several months, in order to confkm a 
solar ‘signar in the vast amount of natural "noise.* 

Complententsry Measurements. Though STO itself can 
carry out the measurements of the minimal set well, 
complementary measurements made from other space- 
craft, the ground, and the atmosphere will serve a useful 
purpose. Interplanetary measurements of high-energy 
particles will support STO measurements of precipitating 
particle fluxes, to help test some particulate ionization 
mechanisms. Ground-based cosmic ray monitors test 
another ionization mechanism. Lidars and radiometers 
in airplanes (or failing that, on the ground) provide a 
ground truth measurement of aerosol and cloud profiles 
and of the downward radiation, complementing the STO 
measurement of incident and upward radiation. From 
the air, irt-situ samples of clouds and aerosols give clues 
as to formation mechanisms. In (he improved set, bal- 
loons and/or aircraft can provide irt situ particle and ion 
density and ultraviolet irradiance measurements. In the 
optimal set, they can provide measurements of composi- 
tion and size distribution of ions, aerosols, and cloud 
particles. 

8. Planetary Atmoapharic Waves 

Objective. Determine the nature of possible influences 
of solar variability on tropospheric waves of planetary 
scale. 

Overview. This objective calls for testing the hypothesis 
that the structure of tropospheric waves of planetary 
scale is influenced by stratospheric conditions, espe- 
cially winds, which are affected by solar activity. This 
requires the multiple pointing capability of the STO to 
observe the sun, the input of solar radiation and ener- 
getic particles to the atmosphere, and the temperature 
and pressure in the stratosphere simultaneously. 

Background. The topography of the earth's surface and 
the global distribution of heating and cooling force wave 
disturbances in the tropospheric air flow. These include 
waves of planetary scale which propagate their energy 
upwards. The vertical structures of the stratosphere and 
mesosphere, especially the wind distribution in these 
layers, play a dominant role in determining the "refrac- 
tive index” for these long waves, and this index in turn 
determines the transmission and reflection of these 
waves. Thus, changes of the air flow in the middle atmo- 
sphere might lead to changes of the tropospheric 
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ampiituctes and phaaaa of planatary wavaa. Tf» aner- 
gatics of these changes are such that relatively small 
amounts of solar energy may give rise to significant 
changes in the middle atmosphere where the density is 
low, but these middle-atmospheric variations produced 
by solar activity act merely to modulate the effect of 
fixed terrestrial energy sources in the troposphere. 

Recent calculations Indicate that such solar- 
induced changes in the middle-atmosphere flow must 
penetrate dovmward at least to the middle stratosphere 
in order to affect the tropospheric planetary waves 
significantly. There are several published studies that 
indicate variations in stratospheric temperatures and 
winds consistent with changing solar activity during the 
past solar cycle. No accepted theory exists for solar- 
activity-induced changes in the stratospheric parame- 
ters determining wave energy transfer, but given the 
important role of ozone in the physics of the strato- 
sphere and the nature of ozone photochemistry, one may 
conjecture that stratospheric ozone modulation by solar 
activity may provide the link between solar fluxes and 
changes in the wind and temperature distribution of the 
middle atmosphere. 

Ozone may be modulated by solar activity through 
a number of mechanisms. Both observation and theory 
indicate that solar proton events should lead to an 
increased production of NO, compounds in the strato- 
sphere. with a resulting increase in the catalytic destruc- 
tion of ozone. Two other processes also might modulate 
stratospheric and mesospheric ozone through the pro- 
duction of NO, and the subsequent catalytic destruction 
of ozone. In one process, the NO, production is due to 
relativistic electron precipitation events; in the other, 
NO, production is due to cosmic rays. Both cosmic rays 
and relativistic electron precipitation are known to be 
modulated by solar activity, although in the opposite 
sense, and recent work has indicated an excellent corre- 
lation between the observed galactic cosmic ray fiux at 
the earth's surface and the relative size (area) of polar 
coronal holes, at least during solar cycle 19. A further 
mechanism by which solar activity may affect ozone and 
hence stratospheric structure involves variations in the 
solar ultraviolet radiation flux, which is suggested by 
recent irradiance observations. One dimensional photo- 
chemical models using variations in the ultraviolet radia- 
tion suggested by some observations have given a solar 
modulation of atmospheric temperature consistent with 
observations. 

Recommended 8TO Measurements. To study the 
entire chain of events leading to solar activity influence 
on the middle atmosphere and the hypothesized effects 
on the troposphere calls for observations of solar 
coronal structure, interplanetary energetic particles, the 


solar irradianca. galactic cosmic rays, and PonHaosItion, 
winds and temperature in the stratosphere end in the 
troposphere. However, some of the measurements 
appear of more importance than others to check the 
hypothesis which attempts to link solar activity and the 
propagation of long atimwpheric waves. 

In the first place, the solar flux in the ultraviolet 
region of the spectrum between 1200 and 3000 A 
should be measured because of its effect on ozone vari- 
ations in the middle atmosphere. For this objective, 10% 
accuracy is required: irradiance measurements are dis- 
cussed more fully in Ot^tive t . 

Measurements of relativistic (several hundreds of 
keV) electron precipitation events should be made as 
described in Objective 5. Upper Atmosph9ric Dynamics, 
owing to the possible relevance of these electrons in the 
balance between NO, and ozone. 

Stratospheric composition and temperature must 
be measured by remote sensing over extended time 
periods to establish, for example, if ozone variations in 
the upper stratosphere due to solar activity significantly 
affect lower stratospheric, and hence total, ozone 
amounts. The most pronounced changes in ozone den- 
sity would probably occur in the upper stratosphere, so 
that temperature measurements of this layer from the 
STO will be necessary to supplement the routine obser- 
vations of the lower stratosphere made by the meteoro- 
logical networks. The winds in the upper atmosphere 
can be derived from the measured pressure and tem- 
perature distributions, with an accuracy which is 
sufficient for the present purpose, by assuming geo- 
strophic or gradient wind balance. However, the situa- 
tion could be improved significantly if direct wind meas- 
urements were made from the STO: this would permit 
determination of the horizontal wind to higher accuracy, 
of order 5 m/s, in the stratosphere. 


Compiementary Measurements. Various non-STO 
measurements could help pin down specific mechan- 
isms. Interplanetary measurements of high-energy flare 
protons should be made, because of their role in the pro- 
duction of NO, and destruction of ozone. Cosmic ray 
measurements from the ground would also be appropri- 
ate, for the same reason. Interplanetary measurements, 
as discussed in Objective 1 , should be made simultane- 
ously to establish the causal relationships for electrons 
precipitating from the magnetosphere. 

Routine measurements by the meteorological net- 
work will provide lower atmospheric pressure and tem- 
perature, from which the structure of tropospheric plane- 
tary waves can be derived. 




IV. Instrumentation 

We define STO instruments to be those that are 
either physically attached to the space platform or in 
orbit in the vicinity of the platform, functioning as a coor- 
dinated part of the STO mission. Such instruments fall 
into three categories-solar, magnetospheric, and 
atmospheric— and are discussed in this section. 
Because the interplanetary medium plays a central role 
in so many of the physical processes that couple the 
major regions of solar-terrestrial space, the study group 
considers it imperative that there be an interplanetary 
companion to STO. The method chosen to implement 
such an interplanetary companion is not within the pur- 
view of the study group, but the specification of its 
instrumental capabilities is. Hence, we follow the dis- 
cussion of STO instrumentation with a specification of 
the interplanetary instrumentation necessary from the 
point of view of the STO Objectives. 

1 . Solar STO Instrumentation 

The interdisciplinary objectives of the STO require 
observations of a wide variety of physical phenomena. A 
knowledge of the solar input, in its broadest sense, to 
the terrestrial and interplanetary system is a requirement 
of virtually all objectives. A balanced complement of 
solar instruments is needed to achieve this goal. The 
solar STO instruments can be divided into three types, 
which are treated below. The first type is non-imaging; 
these instruments measure the solar irradiance. The 
second type consists of imaging instruments appropriate 
during times of low solar activity, oriented primarily 
toward global (large-scale) structure. The third type, 
also intaging instruments, is oriented toward solar 
activity and, in particular, solar flares. 

The first group of instruments in Table 6, Solar 
Instruments, measures the solar irradiance, i.e., the solar 
radiative flux per unit area incident upon the earth's 
atmosphere. The total radiative input to the vicinity of 
the earth (the "solar constant") is obviously of central 
importance to a number of the objectives; in addition, the 
particularly crucial role of solar ultraviolet flux in upper 
atmospheric processes, and its own large variability, 
require high accuracy monitoring of the ultraviolet spec- 
tral irradiance. The range between 1 200 and 3000 A is 
of special interest because of its possible influence on 
ozone variations (Objectives 5. 6, 7, and 8); the soft X- 
ray and EUV ranges are of importance in bulk ionization 
and heating of the thermosphere, which influence atmo- 
spheric dynamics and chemistry (Objectives 5 and 6); 
for these spectral irradiance measurements, we should 


strive for the capabilities given In Table 1 . The primary 
goal of the solar constant and spectral irradiance instru- 
ments is to measure changes in the parameters 
specified, not their absolute value. 

The second group of instruments in Table 6 makes 
measurements that bear on the global structure of the 
sun's coronal magnetic field and its role in directing the 
outflow of the solar wind. The global structure of the 
outer solar magnetic field can be discerned through 
wide-field observations in soft X-rays and white light, 
with particular efforts to ensure overlapping fields of 
view. The X-ray observations are particularly useful in 
illuminating small- and intermediate-scale closed mag- 
netic fields in the lower corona and the presence of 
coronal holes, as well as structures on the solar disk, in 
contrast to those on the solar limb. White-light corona- 
graph observations show the large-scale pattern of the 
solar magnetic geometry near the solar limb and ^veal, 
for example, the configuration of the interplanetary "neu- 
tral sheer near the sun, which in turn is reflected in the 
interplanetary sector structure. From these two instru- 
ments one can then derive the geometry of the inter- 
mediate and large-scale solar coronal magnetic field and 
the density of the outer coronal medium. High-spectral- 
resolution observations of the Doppler shift of EUV lines 
measure the velocity of moving material in the transition 
region and low corona. These data are most reliable for 
solar longitudes facing the earth, and hence complement 
the measurements of those coronal structures measured 
with the soft X-ray telescope. Limb observations from 
resonance-line coronagraphs may be employed with 
white light coronagraphs to infer the coronal temperature 
(through line profile studies) and the expansion velocity 
(through the Doppler-dimming technique) of both mag- 
netically open (coronal hole) and qua.<si-closed (stream- 
er) structures located near the limb. The extension of 
these resonance-line observations to include a variety of 
ions will permit a mapping of the ionic structure of the 
expanding corona over a broad range of velocities — 
thus allowing a mapping of the structure of the observed 
solar wind from 1 AU down to the low coronal regions. 

The third group of instruments in Table 6 makes 
observations of solar flares and other eruptive 
phenomena that lead to major perturbations in the vicin- 
ity of the earth. The XUV Doppler spectroheliograph is 
the core instrument of this group, for several reasons 
The XUV spectral range offers the ability to observe the 
intrinsic nature of eruptive events at the sun over a 
range of temperatures from about 1 0* - 10^ K, as well as 
their density, morphology, and timing. This proposed 
instrument differs from previous XUV spectroheliographs 
in that it has the capability to distinguish Doppler shifts 
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Tabl« 6. Stratwman Solar Inatnimanta for STO’ 


Instrumant 

Function 

Spacltlcation 

Solar constant monitor 

Integral of solar irradtance over the entire spectrum 

Sae Table 1 

Spactral irradlanca monitor 

Spectral irtadlance in X-ray. EUV and UV Spactral 
range 

See Table 1 

Soft x-ray tafaacope 

Magnetic field morphology of the inner corona, 
coronal holae. active regiona 

Spatial resolution of a few ere seconds; simultane- 
ous full sun field of view out to several solar racNI; 
images through broed-bend filters in 5-60 X range 

Whita tight coronagra$.h 

Magnetic field morphology of the outer corone. 
electron density, transient eruptions 

Spatial resolution 5-10 arc seconds; field of view 
from —1.2 aoter radii to 5-10 solar radii 

Reaonanca line coronagraph 

Morphology end ampittude of radial motions in 
corona, temperature distribution 

Spatial resolution in 10-20 arc second range; field 
of view tike white light coronagraph above 

EUV apectro^pH 

Line of sight velocity at base of coronal holes 

Spatial resolution in 10-20 ere second range; 
simultaneous field of view of at least a few arc 
minutes; velocity resolution of about 10 km/s. 

XUV Doppler spectroheilograph 

Velocity. temperature. density. composition 
configuration and timing of flares and eruptions 

Spatial resolution of a few arc seconds; simultane- 
ous full sun field of view; about 10 km/s velocity 
sensitivity 

Hard X-ray spectrometer 

Number and spectrum of electrons accelerated 
near the sun 

Full sun field of view; spectral resolution E/dE 
10-100. Energy range 1 0-300 keV. 

Radio spectrograph 

Detect presence of shock waves and high energy 
particles in outer corona 

Frequencies less than 20 MHz, full sun field of view, 
moderate spatial resolution 


* These instruments are "strawman” instruments, which have been identified to satisfy the measurement requirements specified. Their capabilities are 
not neceasartiy completely defined, nor are the instruments unique We anticipate that the actual STO instruments would be chosen from responses to 
an Announcement of Opportunity 


from spatial shifts with about 10 km/s velocity sensi- 
tivity. The other two instruments in the group cover 
higher energies and emphasize the processes that 
accelerate high-energy particles. The hard X-ray spec- 
trometer measures the number and spectrum of 
moderately high energy electrons accelerated near the 
solar surface and in the inner corona. In advanced ver- 
sions of the STO this Instrument should have imaging 
capability, whereas for the first STO, a full-sun (non- 
imaging) instrument is called for. The radio spectro- 
graph detects flare-associated shocks and high-energy 
electrons as they are accelerated and propagate in the 
outer corona and the interplanetary medium. Through 
this instrumentation, combined with the Information on 
the global morphology of the magnetic field from the soft 
X-ray telescope, one can identify the energy and 
momentum inputs at the flare site, "he intermediate-scale 
structure of the magnetic field configuration In whicn the 
event took place, and the trajectory of propagation to the 
vicinity of earth. 


The entire instrument complement permits those 
observations necessary to study the solar origin of the 
physical processes that are significant in the terrestrial 
context. The proposed variety of instruments would 
encompass a wide range of solar activity and thus be 
appropriate at any phase of the solar cycle. 

2. Magnetospheric and ionospheric STO 

Instrumentation 

The instrumentation required for magnetospheric 
measurements from the Solar Terrestrial Observatory 
includes perturbers. in situ sensors, and remote sensors. 
These instruments use the unique capabilities offered by 
the Shuttle and Space Platform, which are quite different 
from those of traditional free-flyers. These capabilities 
enhance the effectiveness of both remote sensing and 
active experimentation. Through remote sensing, one 
can sample large volumes of space instead of being lim- 
ited to in situ probing &long the orbital track. The ability 
to deploy and control multiple subsatellites also extends 
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the degree of spatial arKf temporal sampling that can be 
done in conjunction with the Space Pfatform, in addition, 
the relatively new area of active experimentation can be 
exploited. In this approach, active probing is carried out 
to trace magnetospheric processes and to initiate con- 
trolled magnetospheric response to small perturbations. 

The STO instrumentation for magnetospheric and 
ionospheric physics can be divided into three groups, 
according to overall function, as in Table 7. The first 
group is for active experimentation; these instruments 
serve to inject chemicals, particles, and waves respec- 
tively. The second group consists of imagers, that 
remotely sense the effects induced by the instruments of 
the first group, as well as naturally occurring 


phenomena. Rnaily, the third (Koup consists of single- 
point and/or multipoint in situ sensors, which serve to 
calibrate the Imaging systems, i.e., to determine the rela- 
tionship between the remotely sensed parameters and in 
situ measured properties. This third group also meas- 
ures the perturbations injected by the active experimen- 
tation and monitors the background plasma medium. 

The first group in Table 7, the active experimenta- 
tion injection instruments, includes a chemical release 
module, which will be used to trace out the electric and 
magnetic field structures of parts of the magnetosphere 
and ionosphere, using releases of tracer chemicals 
under appropriate geomagnetic conditions. Later uses 
of the chemical release module will involve larger injec- 


Table 7. Strawman Magnetoephertc/tonospheric fnstruments for STO* 


Instrument 

Function 

Specifications 

Chemical release module 

Determination of perpendicular and parallel elec- 
tric fields and conductivity modification. 

Maneuverable release module with a set of 
release canisters using Ba. Li. 0. SF^ 

Particle <electron/ion) injector 

Modification of local plasma and injection of 
electrons and ions. 

Variable energy. density. species 

(H+. He^. He-^'^. N+. 0“^. Xe^) Electron ener- 
gies (too eV — * 1CX) keV). Ion energies (100 
eV 100 keV). Variable pitch angles and 

controlled pulse pattern 

Plasma wave injector 

Stimulation of wave-particle processes by wave 
injections at a variety of wave normal angles with 
respect to B. 

Transmitters and antennas (1 Hz to ^ 30 MHz). 

Low light level television 

Auroral imaging in visible, UV. vacuum UV. 

Spatial resolution of 10 meters x 10 meters/ 
pixel with time resolution of 10 seconds per 
fr^me. 

X-ray telescope 

Imaging of bacKscattered X-ray radiation. 

Imaging capability for X-rays 10 - 500 keV 

Coherent scatter 

Two- and three-dimensional ion drift fields. 

Coherent-scatter radar based on ground-based 
concept (1 - 500 MHi) Desired ion velocities 
of 1 0 m/s at densities of > 1 0 cm^ 

Multiple subsatellites 

Multipoint determination of auroral and iono- 
spheric characteristics 

ions/Eiectrons 0 -100 MeV Ion drift > 
10m/s Ion composition density 10^ - 1 0® cm~^. 
Magnetic field > ^ nT 

Recoverable subsatellite 

Comprehensive measurement of plasma and 
plasma wave characteristics 

Plasma waves (i - 10^ Hz) Ion and electron 
composition and distribution function (0-100 
MeV) Neutral density and magnetic field 

Maneuverable subsatellite 

Measurements similar to recoverable subsatellite 

Specifications similar to recoverable subsatel- 
lite with propulsion capability 

Tethered particles and fields probe 

Low-altitude in situ measurements and iono- 
spheric perturbations 

Magnetometers (> 1 nT). electric field probes 
(> 1 mV/mi, and ion mass spectrometer (i - 
56) 


See note. Table 6 
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tions to modify ionoaphoric conductivitiaa. The aecond 
inatrument, the particle Injector, will be uaed to probe the 
pcMentlal dropa parallel and perpendicular to magnetic 
field llnea. The poaition of the injected beam will be 
meaaured by Imagera and In situ probea. For atudlea of 
tranaport of material between the magnetoaphere and 
the ionoaphere, the particle injectiona wilt include not 
only electrona, but alao a variety of Iona with a variety of 
pitch anglee and injection pattema. Later STO fllghta 
will uae acceleratora with enhanced power; the ion and 
electron injectora vrill be uaed to launch beama that can 
modify natural magnetoapheric particle populationa and 
conductivitiea. The large STO power will permit the 
injection of powerful particle beama that can be uaed to 
generate wavea and to inject large quantitiea of tracer 
Iona into the magnetoaphere as a probe for magneto- 
spheric energization and transport process. 

The third instrument, the wave injector, will consist 
of powerful transmitters and large antennas. The 
transmitters will operate from one Hz to about 30 MHz 
and at a few higher frequencies. This frequency range 
spans the characteristic frequencies of the plasma to 
allow the stimulation of wave-particle interactions of 
interest. The basic transmitters should deliver 1 to 2 kW 
of power to the antenna. Tho enhanced instrument 
should be able to deliver 1 0 kW of power to the antenna 
continuously and peak powers during pulsed operation 
up to 1 MW. Antennas required will probably be long 
wires for the lower frequencies and dish antennas for 
the highest frequencies for high-directivity, high-gain 
measurements. 

The second group of instruments consists of 
imagers that sense remotely both actively injected and 
naturally occurring magnetospheric phenomena. These 
instruments are pointed independently of the platform 
base to build up pictures of tracer distributions, particle 
deposition patterns, and high-resolution auroral morphol- 
ogy. The most basic instruments are the low-light-level 
television and the X-ray telescope. These together con- 
stitute an imaging system that covers the spectral range 
from a few to 1 0,000 A. The more advanced instrument 
is the coherent-scatter radar. This technique uses the 
scattering of 1-500 MHz waves from plasma turbulence 
to remotely sense the ion drift patterns in the F-region of 
the ionosphere. The radar can give two-dimensional 
measurement of the ion velocity fields from which the 
electric field patterns can be derived. This technique is 
in an early phase of conceptual study and hence would 
be a later addition to the STO payload. 

The third and final group of instruments in Table 7 
consists of single and multipoint subsatellites that serve 


to measure nctural magnetospheric properties and to 
calibrate the remote sensing observations. The multiple 
subsatellltes Include instruments to measure energetic 
particles, electron and ion densities, Ion drifts, and mag- 
netic fields. These multiple subsatellltes orbit in forma- 
tion with the STO to unravel spatial/temporal uncertain- 
ties in the auroral oval. In addition to their role as cali- 
brators of remote senMng optical and radar techniques 
measuring particle deposition and ion drift processes. 
The recoverable subsatellite offers a more comprehen- 
sive plasma measurement capability and adds the meas- 
urement of plasma waves. The maneuverable subsatel- 
lite extends this capability even further by adding pro- 
pulsion. The tethered particle and field' probe utilizes a 
long wire tether (up to 100 km) lo maneuver an 
instrument package down to the E-region of the iono- 
sphere (< 125 km altitude). This probe will measure 
ionospheric currents that close In this region. 


3. Atmoepheric STO Instrumentation. 

The atmospheric instruments summarized in 
Table 8 must make five main categories of measure- 
ments: (1 ) neutral polar molecular and particulate 

(cloud and aerosol) constituents, (2) excited-state and 
ionized atomic and molecular species, (3) temperature 
distribution, (4) wind field, and (5) terrestrial reflected 
and emitted radiation. 

The relative concentrations and variability of the 
reactive neutral minor and trace gases located above the 
tropopause can be monitored by limb absorption or 
emission observations using hIgh-resolution spectrome- 
ters. These Instruments should have the capability of 
mapping species present at relative concentrations of 
10”® to 10”’* throughout the stratosphere and 10”® to 
10”® in the mesosphere and lower thermosphere. In 
order to discern changes to the steady-state distribu- 
tions resulting from changes In the energy input to the 
atmosphere, the observations should be made with a 
spatial resolution of 1-2 km In altitude and —100 km 
horizontally; the corresponding maximum sampling times 
for the observations are 1 s for absorption measure- 
ments and 10 s for observations made in emission. With 
the exception of OH, all of the neutral gaseous species 
of importance to the atmosphoric objectives of the STO 
can be monitored with the necessary accuracy and over 
the required altitude range by the advanced inter- 
ferometric spectrometers currently under development. 

For the excited-state species throughout the mid- 
dle atmosphere (i.e„ from 40 to 1 20 km) and for the 
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Tabis 8. ttrawman Atmoapharlc Inatnimanta for 8T0' 



Function 

Specifications 

U<tor 

Determine the height, thickness, and distribution 
^ aerosol layers and thin clouds in the tropo- 
sphere and lower stratosphere 

Nadir looking: 1-m receiver: — 20 W transmitted 
at 2 or 3 wavetengtha - 0.33 - 1 .5 fim. vertical 
resolution < 1 km. 

Ridiatiofi b«l«AC« monitor 

Determine effect of aerosoi/cioud layirs on local 
radiation balance. Measure outgoing reflected 
solar and emitted radiation reaching spacecraft 
from below. 

Earth radiation budget sensor; two-channel ra- 
diometer 0.3 - 3.0 um. 1 - 20 Mm. For incoming 
solar radiation, see solar measureiTf^^. 

IR emlMlon tpectromotor 

Vertical profiles and latitude variability of minor 
and trace species, energetics of mesosphere and 
lower thermosphere. 

Limb viewing, cryogenic interferometer spectrom- 
eter 2 to 20 Min range (500 - 5000 cm'^). spec- 
tral resolution of 0.1 cm~^ scan time < 10 s. 

IR absorption spectrometsr 

Vertical profiles ard latitude variability of neutral 
minor and trace species; dissociation levels and 
energetics of mesosphere and lower thermo- 
sphere. 

High resolution occultation interferometer, 2- 
16 Mm (600 - 5(XX)cm~^). spectral resolution 
0.01 cm^''. Solar aquisition and tracking; scan 
time 1 s. 

UV and vialbis spectromster 

Spatial distribution and variability of ionized and 
excited-state species in thermosphere down to 
80 km; excited-state species in mesosphere and 
stratosphere to --40 km. 

Multichannel grating spectrometer, 20-1 200 n.n. 
spectral resolution <1/2/1 Focal plane arrays 
imaging field with 1 km resolution. 

Uppor atmospheric wind sensor 

Horizontal components of wind field in upper 
stratosphere, mesosphere, and lower thermo- 
sphere. 

Zonal and meridional wind velocity to 4 m/s 
(2 m/s for advanced system) 25 to 100 km alti- 
tude range, vertical resolution 2 km. Fabry Perot 
interferometer, gas correlation spectrometer or m 
wave radiometer. 

Upper atmospheric temperature sounder 

3-dimensional temperature field from tropopause 
to —120 km. 

Temperature precision IK, accuracy 3K. Vertical 
resolution < 2 km with horizontal sampling ele- 
ment of 100 km. Limb emission radiometer to 
60 km. PM or Advanced Temp. Sounder to 30 km. 
Combination of emission or absorption spectrom- 
eter and PMR above LTE limit. 

Lightning mapper 

Global lightning intensity and distribution, sferics 

Optical array techniques; millisecond time reso- 
lution; 5 - 10 km spatial resolution 


' See note. Table 6 


ionized molecules of importance in the lower thermo- 
sphere (80 to 1 20 Km), a multispectral Imaging spec- 
trometer is required. Focal-plane arrays having a spec- 
tral coverage from 20-40 nm, with a resolution of 
<0.1 nm, should provide adequate discrimination for 
mapping the distributions of the species of interest. 
Improvements to the spatial and spectral performance of 
this instrument, and changes to the channel wavelengths 
selected on the basis of the results of the initial 8TO 
mission, would be incorporated into the version to be 
flown on the advanced mission. The improved perfor- 
mance would be of particular Importance, for example, in 
refining the observations of the spatial and temporal 
characteristics of auroral emissions. 


Measurements of the wind and temperature fields 
are important throughout the middle atmosphere where 
part of the absorbed radiant and particle energy is dissi- 
pated as thermal radiation and motions. Remote sensing 
measurements of temperature for the STO obiectives 
require an accuracy of 3 K, a precision of 1 K and a 
vertical resolution of 2 km. The profiles should extend 
from 25 to 1 20 km altitude with a horizontal spacing of 
not more than 100 km. These requirements exceed the 
capability of the instruments that have been flown to 
date; advanced systems currently under development, 
however, should achieve the required performance and 
be available for STO. The payload should include a 
very-high-resolution sounder, such as a limb-viewing 
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praMure modulatad radiometer (PMR), together with a 
high-resolutlon spectrometer to give rotational and vibra- 
tional temperatures which can be used to aid In the 
interpretation of the PMR radiance data. 


The zonal and meridional components of tne wind 
field in the upper stratosphere, mesosphere, and the 
thermosphere up to 100 Km should be measured glob- 
ally, with a vertical resolution of about 2 km. For the ini- 
tial payload a minimum wind velocity resolution of some 
4 m/s is desirsbie and should be achievable using one 
of several instruments currently under development, viz, 
Fabry-Perot Interferometers, gas correlation spectrome- 
ters, and microwave radiometer^. Wind velocity resolu- 
tion is expected to be improved during the next few 
years to 2 m/s, and buch Improvement would be avail- 
able for the advanced payload. 


In the lower atmosphere, the objective of the STO 
measurements is to determine the effect that changes in 
the input radiative and particle energy may have on the 
distribution of aerosol and thin cloud layers in the tropo- 
sphere and lower stratosphere and which, as a conse- 
quence, modify the radiative and thermal balance of this 
region. The height, thickness, and spatial extent of the 
layers are sensed using a downward-looking lidar sys- 
tem that should achieve a vertical resolution better than 
1 km using current technology. The initial lidar would be 
nadir-viewing, capable only of measuring clouds and 
aerosols directly beneath the STO. An advanced version 
would add a scanning capability to allow more complete 
spatial coverage. In addition, an advanced tunable lidar 
could provide temperature, humidity, and pressure meas- 
urements with the tine vertical resolution (—1 km) 
required to discern effects caused by aerosol and cloud 
layers. A radiation balance monitor, co-aligned with the 
lidar, would document the effect of Ildar-measured 
clouds and aerosols on terrestrial reflected and emitted 
radiation in broad spectral intervals. 


The need to measure both the global distribution of 
lightning and the intensity of lightning calls for a Light- 
ning Mapper. This instrument consists of an optical sen- 
sor that uses large CCD arrays and background subtrac- 
tion electronics to achieve detection efficiencies 
approaching 90% during both daytime and nighttime 
observation. The required spatial resolution of the sen- 
sor is 5 to 6 km. Globa! lightning statistics can be 
obtained initially from the STO in low earth orbit. How- 
ever, later continuous global coverage will require satel- 
lites in appropriate geostationary orbits. 


4. httorplaiMtary CompMiion Imtr u mu t a tlo i i 

The Interplanetary particles of Interest to STO 
span extremely broad ranges in energy, composition, and 
dynamic range. For example, solar wind thermal elec- 
trons have energies between 0 and —100 eV, solar wind 
thermal protons have energies between — lOOeV and 
1 0 KeV, solar flare particles have energies ranging from 
—100 KeV to 100 MeV, and galactic cosmic rays have 
energies extending up to 1 BeV and beyond. Protons, 
electrons, alpha particles, and a wide range of mass and 
charge states of heavier ions (such as oxygen, silicon, 
and iron) are important constituents of the interplanetary 
particle population. Flux levels of these particles within 
the overall energy range of interest differ by more than 
20 decades. 

No single-particle instrument is capable of provid- 
ing the necessary measurements of this diverse particle 
population. Only a combination of different measure- 
ment techniques focused on particular subsets of this 
particle population can do the job. Table 9 lists a com- 
bination of particle instruments which, actir;g together, 
can provide a complete specification of the phase space 
densities of interplanetary electrons and the major ions 
of interest at all energies ranging from 0 eV to greater 
than 250 MeV. Instruments similar to these are 
presently operating on ISEE 1, 2, and 3 or are under 
development for ISPM or the IPL of OPEN. The first 
group of instruments in Table 9 comprises the solar wind 
particle instruments, which will provide monitoring of the 
bulk flow properties (velocity, density, temperature, etc.) 
of the solar wind incident on the earth's magnetosphere. 
They will also identify composition (mass and charge) 
anomalies useful both for identifying the coronal source 
of the flow, as well as tracing the entry of the plasma 
into the magnetosphere. Finally, they will be well suited 
for studying and analyzing transient solar wind 
phenomena associated with solar activity 

The second group in Table 9, the suprathermal and 
transthermal particle instruments, will determine the flux 
and composition of particles energized by solar flares 
and by shocks in interplanetary space and will allow the 
study and identification of various acceleration 
processes. The next group, the cosmic ray instruments, 
will of course provide a continuous monitoring of the 
cosmic ray flux incident upon the earth's magnetosphere 
and upper atmosphere. 

The final group of instruments in Table 9 starts off 
with a magnetometer, since the interplanetary magnetic 
field plays an important role in virtually all solar wind 
processes. This instrument will measure the sense of 


TaM«9. Hratwwn ln f rpl i i»tory C oi w p n lon ln«truiwnt« 


fntlryifitfit 

Function 

8p«cinc«t)on» 

Cofd pittma analyzpr 

Valocity. danalty. and tamparatura of 
aolar wind prolona and alphaa 

0- 16k*V/Q 

Cold piMma mata amt charga apac- 
tfograph 

ton and charga compoaltlon of aolar 
wind 

0> ISkaV/q 

Hoi plaama analyzar 

Valocity. danalty. and tampafitura of 
alactrona and aupratharmal Iona. 

0 • 60 k«V/0 

Enaroatic partfcki lalaacopa 

Trana.1)C'mal proton flux 

20 kaV - 3 MaV 

Hot plaama apactrograph 

Compoaltlon of tranatharmaf Iona 

3 kaV - 1 MaV 

Tra»^atharmal a^ron analyzar 

Tranatharmal alactron flux 

30 kaV • 1 MaV 

Enargy loaa particia tataacopa 

Coamic ray Ion flux 

1 - 250 MaV 

Carankov datactor 

Cosmic ray alactron flux 

1 • 250 MaV 

Magnatomatar 

intarplanatary DC magnatic fiald 
atrangth and dl’actlon 

f < 1 Hz.O- lOOy 

Elactric fiald apactrum analyzar 

intarplanatary alactrlc fiald tamporal 
fluctuations 

1 - 10* Hi 

Magnatic fiald apactrum analyzar 

Intarplanatary magnatic fiald tam- 
poral fluctuations 

1 - 10* Hi 


* Th«M instruments ere "strewrnan* instruments, which have been chosen to satisfy '^he measurement requirements identified. Of co*<rse, their capabil- 
ities are not necessarily completely defined, nor are these instruments unique. We anticipate that the payload of the Interplanetary Companion will 
depend on the means chosen by NASA to respond to these requirements, bearing in mind the nature of interplanetary instrumentation that is operation- 
al at the time of STO. 


the field, i.e., its polarity, which provides inforiratlon on 
the solar origin of particular volumes of solar wind 
plasma. Fli.ally, the field polarity, its direction relative to 
the earth's dipole field, and its magnitude are important 
determinants of geomagnetic activity. 

Two types of instruments are needed for the meas- 
urement of the essential field characteristics. The first 
of these is a dc magnetometer that determines the mag- 
netic field at frequencies below about 1 Hz over a range 
of field strengths from 0 to ~ 100 gamma. The second 
type of instrument is a spectrum analyzer for both elec- 
tric and magnetic field fluctuations at the much higher 
frequencies associated with plasma turbulence and the 
various wave modes (e.g. whistler, ion acoustic) associ- 
ated with plasma instabilities. 
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V. Multidisciplinary Approach 

1. Introduction 

Th« Solar Tarraatrial Obaarvatory la a multidlaci- 
pllnary Space Platform inatrumant payload that 
addraaaaa all alght kay aclantlllc oblactlyaa, uaing aolar, 
magnatoapharic and atmospheric Shuma>c/ass Inatru- 
mantallon. Much of thia instrumentation la in 
development for the relatively short Shuttle Spacelab 
flights, and the larger instruments are possible only 
because of the Space Shuttle's ability to carry heavy 
loads into orbit. The Space Platform extends these 
car abilities to offer much longer duration and higher 
power levels. By combining these instruments Into a 
multidisciplinary solar-terrestrial payload, STO can 
address comprehensive solar-terrestrial objectives, 
largely because the payload has been defined with the 
highly interactive nature of the Key scientific objectives 
in mind. 

We recommend a two-stage, evolutionary approach 
to STO. The first stage is the Initial STO, discussed in 


Section i below. It la the eimploat peyloed that osm 
addraar. a meaningful fraction of the ot^actlvaa Identiflad 
In this report, yet It requlrea only a aingla Space Platform 
of modeat aixa. The second stage la the A^anced STO, 
diacusaad In Section 3. li addreasM all of the eight 
objectives identified In this report in a complete manner 
The Advanced STO requlrea two platforma that differ pri- 
marily in orbital charactariatica. One platform ia in a 
high-inclination orbit, for coverage of the aurural sona; 
the other is in a medium-inclination orbit. In Section 4 
we elaborate on the two-stage impiementatlon of STO in 
terma of shared and dedicated platforma. In Section S 
we discuss the characteristics required for effective 
operationa and data handling during the STO misalona. 
In Section 6 we discuss the theoretical and data 
analysis capabilities that must be also developed along 
with the specific STO payload. 

2. Initial Solar Tarraatrial Obaarvatory 

The Initial STO Is the simplest payload compatible 
with a multidiacipllnary approach to the scientific objec- 


Table 1 0. Initial 8V0: Instrumentation for Individual Objectives* 


Objectivs 


STO Instrumoncs 


Ob^SCtivs 


1. Sotsr 
vsrisbility 


Total irradiancc monitor 
UV Irradiance monitor 
Soft X-ray telascope 
Whits light coronagraph 
Rsaonancs liiis coronagraph 


5 Upper 
atmospheric 
dynamica 


2. Wave-particle 

proceaees 


Plasma wave injector 
Particle injector 
Recoverable aubaatelllte 
Low- light-level tefeviaior 
X-ray telescope 


6. Middle 
atmMpheric 
chemistry and 
energetics 


3. Magnetosphere- 
ionosphere 
interaction 


4. Global 
electric 
circuit 


Particle injector 
Chemical release module 
Multiple •ubaatellitee 
Recoverable subeatellite 
Low-light-levei televieion 
X-ray telescope 
UV and visible spectrometer 

UV Irradiance monitor 
Multiple subeatellite 
Recoverable subsatellite 
Particle injector 
Low-light-level television 
X-ray telescope 


7. Lower 
atmospheric 
turbidity 


8 Planetary 
atmospheric 

waves 


STO Instruments 


UV Irradiance monitor 

Multiple subsatellite 

Recoverable subsatellite 

Low-light-ievel television 

Upper atmospheric wind sensor 

Upper atmospheric temperature sounder 

IR emission or absorption spectrometer 

Total irradiance monitor 
UV irradiance monitor 
Recoverable subeatellite 
Multiple subsatemte 
Low-light-level television 
Infrared absorption spectrometor 
UV and visible spectrometer 
IR emission spectrometer 

Total irradiance monit<K 
UV irradiance monitor 
Multiple subeatellite 
Recoverable subeatellite 
Low-light-level television 
tidar 

Radiation balance monitor 

UV irradiance monitor 

Multiple subeatellite 

Recoverable subeatellite 

Low- light-level television 

IR emission or absorption spectrometer 

Upper atmospheric wind sensor 

Upper atmospheric temperature sounder 


* See note. Table 6 
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tivat Idmtlflttd in this report. The peykMd of th« Initial 
STO haa baan aatatMiahad by first Idantitying. for each 
kay aclantific obfactiva, tha instrumants raqulrad to 
acfdrass tha obfactlva using a $lngl9‘<^i^tlv9 ap^oach. 
This la dona in Tabla 10. For aach obfactiva wa show 
tha instrumants that ara racommandad to ba part of tha 
Initial STO within tha framawork of this obfactlva alona. 

Tha raasoning that laads to tha choica of thaaa 
spacific Instrumants tor tha Initial STO (as opposed to 
tha Advanced STO) Is as follows; 

Solar Variability: Priority is given to solar constant and 
spectral irradianca maasuramants and solar coronci 
structures, at the expanse of solar flare diagnostics. 
Priority is also given to batter defined and/or developad 
instrumentation. 

Wava-Particia Processes; Priority Is given to tha study 
of wave-particle Interactions that can occur near the 
STO. since those interactions will be more easily stimu- 
lated at the lower power levels that may characterize the 
Initial STO. 

Magnatoaphara-lonoaphara htaractlon: Priority is given 
to Ion iniectlon using accelerators and study of evolution 
of the Injected particles. 

Global Elactric Circuit: Priority is given to (totermining 
the iortospheric electric potential in the vicinity of the 
STO orbit, as the instrumentation for this objective exists 
or is being developed. 

Upper Atmospharic Dynamics: Priority is given to using 
in situ measurements of magnetospheric ene.gy inputs 
into the upper atmosphere to calibrate the evolving 
remote measurement techniques. Priority is also given 
to the better defined and/or developed atriraspheric 
instrumentation. 

MIddIa Atmospharic Chamistry and Enargatics: Priority 
is given to neutral composition and structure, at the 
expense of energetics. Priority is also given to instru- 
mentation that is presently in development. 

Lower Atmospharic Turbidity: Priority is given to docu- 
menting simultaneously; (1) changes in solar UV irradi- 
ance, (2) aerosol and thin cloud layers, and (3) effects of 
these layers on the radiation balance. 

Planatary Atmospharic Waves; Priority is given to using 
in situ measurements of magnetospheric energy inputs 
into the upper atmosphere to calibrate the remote meas- 


uramant taohniquaa. Priority Is also givan to tha battar 
definad and/or davalopad atmospharic Inatrumantatlon. 

Tabla 1 1 shows tha complata strawman payload of 
the inittal STO. This payload la highly aynarglatic; nta y 
Instrumants ara appropriate to aavaral objactIvM, and 
togathar, thay ara capable of making a valuabla contri- 
bution to moat ot tha eclentific objactivas (dantifiad In 
this report. Moreover, since thaaa objactivas deal with 
proceasaa that ara thamsalvaa physically intaractiva, 
putting these instruments together has the advantage 
that It explicitly addrMsas this Intaractiva nature by en- 
abling coordinated acquisition of tha dlffsrant types of 
measurennents. 


TaMa 1 1 . Initial STO: Complata Strawman Payload* 



tnatrumant 

8uh 

Total Irradlohoa mofiitor 
UV Irradianca monitor 
Soft X-ray talaacopa 
White Ught coronaoraph 
ftetonanca Una coronagraph 

Mapnqtotphqrp 
and ionoaphart 

Chamical ralaaaa module 
Parllcia H^actor 
Ptaama wava inlactor 
Low-light-laval telavlalon 
X-ray tateacopa 
Mutfipte aubaataiMtaa 
ftecovarabla aupaatelilte 

Mmoaphara 

Lldar 

Radiation balanca monitor 
IR al>aofption or omiaaion apactromatar 
UV and vlalbla apactromatar 
Upper atmoapharlc tamparatura aoundar 
Upper atmoapharlc wind aanaor 


* This psylosd it bstsd on ths strawfiisn (nstrumsntation. which is not 
n«cssssriiy compl#tsiy dsfinsd or uniqus Ths finsl psylosd will, of 
courts, bs ssisctsd on ths bssis of rstpontst to sn Announcsmsnt of 
Opportunity. 

We estimate that the solar and magrwtospheric 
instrument modules will require sbout one Shuttle pallet 
each, and the atmospheric instruments approximately 
two Shuttle pallets. Mission planning and integration 
studies shouk) examine this estimate. The total payload 
should be placed on a single platform in this 
configuration for at least six months and preferably for 
one year or longer. Six months is the minimum duration 
to cover several solar rotations. One year permits at 
least s single sampla ot sessonal effects in both hemi- 
spheres. A bw-altituda (300-400 km) orbit at inclination 
57 degrees or above is satisfactory. It is essential that 
there be no intentional releases, especially water, within 
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100 Km of ttw platform and that thara ba oaraful oontrol 
of atactromagnatic Intartaranca and outgaaaing (a^, 
watar, cryogana). 

3. Atfvanoad tolar TarroatrM Obaarvatory 

Tha payload of tha AdvanMd 8TO la capaMa of a 
multidlaciplinary approach to tha aciantific ob|actlvaa 
idantlfiad in thia raport, at tha laval daacritwd. Following 
tha tama procadura uaad In tha praviout aactlon, tha 
payload of tha Advancad 8TO haa baan aatabliahad 
ot^tlva by obfactlva, and tha Inatrumantation raquirad 
for aach obiactiva haa baan liatad aaparataly In 
Tabla 12. 

InMrumantation of tha Advancad STO to tha Initial STO, 
are aa followa; 

Sol»r Solar flara oapabliity la added u> tha 

Initiai STO payload, both by adding an X-ray and EUV 
irradlanca monitor and by adding Inatrumanta for 
datormining tha Intrinalc anargatlc and dyrMunic propar- 
tiaa of flaraa and aruptiona. 

Mbva-^rffe/a Procaaaaa; Tha Incraaaad tranamittar 
power availabla lor tha Advancad STO will aHow atlmula- 
tion of wava particle intaractiona throughout a large por- 
tion (rf tha magnatoaphara, probing a larger volume (A 
parameter ^ca than availabla to tha Initial STO. 

Tha laauaa that hava cauaad ua to Idantify thaaa 
inatrumanta for tha Advancad 8TO, and which ralata tha 

HHagnttoaphf^lonoaphmn /nfaracMon; Power lavala 
are incraaaad In particle accalaratora to carry out active 

Table 1 2. Advancad 8TO: Inatnimantatlen for Individiial Objaetivaat 


Obitctivt 

STO In^rumanta 

Ot)**Cliv« 

STO inatrumente 

1 Solar 
variability 

Total Irradlanca monitor 

X-ray. EUV. and UV Irradlanca monitora 

Soft X-rty talaacopa 

Whita light coronagraph 

Raaonanca lina coronagraph 

XUV Dopplar apactrohallograph 

Hard X-ray apactromatar 

EUV apactrograph 

Radio apactrograph 

5 Upppr 
ptmopphpric 
d/namict 

EUV and UV irradlance monitora 
Low-iight-ievei teieviaion 
x-ray teleacope 
Coherent-acatter radar 
Upper atmoepherlc wind aenaor* 

Upper atmoaphertc temperature aounder 
IR emiaalon or abeorptton apectrometer* 

2. Wava particia 
procaaaaa 

Plaama wava Injactor* 
Pamela Injactor* 
tow light laval taiavlaion 
X-ray talMCOpa 
Muitipla aubaataiiitaa 
Manauvarabla aubaatalllta 

8. Middle 
•tmoaphpflc 
chemistry and 
anargatlca 

Total irradlance monitor 

X-ray. EUV and UV irradlance monitora 

Multiple aubaatellfta 

Low-light-level teieviaion 

X-ray teleacope 

UV and vlaible apectrometer 

Infrared emiaaloo or abaorption apectrometer* 

Upper atmoepherlc wind tenaor* 

3 Magnatoaphora* 
lonoaphara 
Inlaraction 

Parttcia iniactor* 
Low-light- laval taiavlaion 
X-ray talaacopa 
Chamical ralaaaa modula* 
Manauvarabla aubaatalllta 

7 Lower 
atmoapheric 
turbidity 

Total irradlance monitor 
EUV and UV irradlance monitora 
Low-light-level teieviaion 
X-ray teleacope 
Multiple aubaateiiita 
Maneuverable aubaateiiita 
Lidar* 

Radiation balance monitor 
UV and vlaible apectrometer 

4 Global 
alactric 
circuit 

X-ray, EUV, and UV irradlanca monitora 
Low-Mghi-lavai taiavlaion 
X-ray talaacopa 
Conarant acattar radar 
Chamical ralaaaa modula* 

Pamela Iniactor 
Lightning mappar 

Tatharad partlclaa and fiaida proba 

6 Planetary 
atmoaphertc 

wavea 

EUV and UV irradlance monitora 
Maneuverable auboatelHte 
Infrared emiaaion apectrometer* 
Upper atmoaphertc wtrto aenaor 


* Upor*<' ^ Chapter IV) 

t Sm notv'. Tabl« 6 
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•xperimentet’on on how wave-particle interactions 
induced from STO affect the circulation of matter in the 
magnetosphere-ionosphere system. 

Global Electric Circuit: Instrumentation requiring 

advanced development, such as the coherent scatter 
radar and the tethered subsatellite, is added to remotely 
probe the electric field. Correlations with tropospheric 
weather are examined through use of the lightning 
mapper and coordination with ground-based programs. 

Upper Atmospheric Dynamics: The calibrated remote 
sensing measurements of global magnetospheric energy 
inputs into the upper atmosphere are used, including the 
spaceborne coherent-scatter radar, and improved atmo- 
spheric instrumentation is used. EUV irradiance meas- 
urements are added. 

Middle Atmospheric Chemistry and Energetics: Instru- 
mentation presently at an earlier stage of development, 
notably the infrared emission tine spectrometer, is added 
to provide a more comprehensive capability for observ- 
ing reactive species. The advanced payload has 
sufficient capabilities to study atmospheric energetics. 

Lower Atmospheric Turbidity: Spatial scanning and 
spectral flexibility are added to the lidar to achieve both 
better spatial coverage and temperature, humidity, and 
pressure measurements with the fine vertical scale of 
aerosol and thin-cloud layers. 

Planetary Atmospheric Waves: Improved plasma diag- 
nostic measurements are used. EUV irradiance meas- 
urements are added, and improved atmospheric instru- 
mentation is used. 

Table 13 shows the complete strawman payload of 
the Advanced STO. As is also true of the Initial STO, the 
combination of instruments for specific objectives into a 
single payload has the advantage that it properly 
addresses the interactive nature of the objectives. If 
adequate platform space and power were available, the 
STO could evolve from the Initial STO tc the Advanced 
STO as fast as instrumentation became available. 

We estimate that the advanced payload will require 
approximately eight Shuttle pallets. These pallets 
should be shared among two separate platforms. The 
first should be in a 90±10 degree low-altitude (200- 
250 km; orbit. Magnetospheric instrumentation with a 
requirement to observe the auroral oval and atmospheric 
instrumentation for which the widest range of coverage 
in latitude is required, complies the payload of this plat- 
form. The choice of a low attitude of this platform is 


driven primarily by the requirement for the tethered par- 
ticles and fields probe. The second should be in the 
same >57 degree inclination 30C-400 km altitude orbit 
as the Initial STO. This orbit is satisfactory for the solar 
instrumentation, and preferable for some magneto- 
spheric and atmospheric experiments. These two plat- 
forms should be in orbit for at least one year in order to 
sample all seasons in both hemispheres. The same con- 
trols over the near-STO environment are necessary as 
for the Initial STO. A mission planning and integration 
study should be carried out to firm up the payload size 
estimates, as well as to look at the division of the pay- 
load between the two platforms. 


Table 13. Advanced STO: Connate Strawmm Pay- 
load^ 


Spatial Region 

instrument 

Sun 

Total irradiance monitor 

X-ray. EUV. and UV irradiance monitors 

Soft X-ray telescope 

White light coronagraph 

Resonance line coronagraph 

XUV Doppler spectroheliograph 

Hard X-ray spectrometer 

EUV spectrograpli 

Radio spectrograph 

Magnetosphere 

and 

Ionosphere 

X-ray telescope 
Low-light-level television 
Coherent scatter radar 
Plasma wave Injector* 

Particle Injector* 

Chemical release module* 

Multiple subsatellites 
Maneuverable subsatellite 
Tethered particles and fields probe 

Atmosphere 

Lidar* 

Upper atmospheric wind sensor* 

Upper atmospheric temperature sounder* 
UV and visible spectrometer 
IR emission or absorption spectrometer* 
Radiation balance monitor 
Lightning mapper 


* Upgraded per Chapter IV. Instrumentation. 
t See note. Table 1 1 


4. Evolution and Implementation 

The Initial STO has size, power, and orbit require- 
ments that are appropriate for a first platform that is 
shared among several disciplines. We presume that this 
platform will be shared primarily by sharing in time 
rather than space, i.e., most of the payload capacity of 
the platform would be cycled in and out with a charac- 
teristic time on the platform on the order of a year, and 
only a small fraction of the payload would be dedicated 
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to small tong-duratlon exparlmants (e.g., measurement of 
the solar constant). We recommend that the Initial STO 
be a problem-oriented payload on the first shared plat- 
form, with a duration of at least six months, and prefer- 
ably one year, for the reasons discussed above. 

It Is clear to us that within a few years after the 
first shared platform becomes available, the individual 
solar-terrestrial disciplines will each have requirements 
for space platforms that will exceed the capabilities of a 
single shared platform. Space will also be required for 
individual PI instruments. Individual multi-user class 
(faci'ity) instruments and combinations of the two that 
make up problem-oriented observatories like STO, but 
with different scientific objectives. At that time it will be 
appropriate to have a dedicated solar-terrestrial plat- 
form. It is likely that a platform In a high-inclinatk>n orbit 
will be desirable for this, thus we recommend that the 
Advanced Solar Terrestrial Observatory be implemented 
by means of a dedicated solar-terrestrial platform at high 
orbital inclination and a shared platform at 57” orbital 
inclination. 

5. Operation* and Data Handling 

Because of the multidisciplinary character of the 
scientific objectives of STO, a key element in its suc- 
cessful implementation will be the coordinated operation 
of the observatory in orbit and the coordinated interac- 
tive analysis of the data returned. In studying the solar- 
terrestrial system with its interconnecting physical 
linkages, the observations must be organized through a 
central control center set up to allow the scientists to 
tailor observations and experiments to specific solar, 
magnetospheric, and atmospheric conditions arising dur- 
ing the mission. This centralized operational approach 
will permit joint observing programs to follow physical 
processes that couple through the system, such as a 
passage of a coronal hole by the solar central meridian, 
its influence on the solar wind velocity and magnetic 
field, the resultant magnetospheric storm response, and 
its subsequent influence on the dynamics of the upper 
atmosphere. The tact that the STO will carry most of the 
instrumentation required for these studies on the same 
spaceborne cluster will greatly enhance the ability to 
plan and carry out these joint observations. 

The idea of joint observing programs is not new to 
STO. The solar community first gained valuable experi- 
ence in such coordinated observations during the Skylab 
mission in the operation of the Apollo Telescope Mount 
experiments. This experience was extended by the 
Solar Maximum Mission and. most recently, the 
Shuttie/Spacelab program through procedures being 


imp)'- .led by the Investigator working groups for the 
diii«::ent Spacelab missions. This experience will be 
ideally suited to carry forward into the Shuttle/Space 
Platform era and will be extended to accommodate joint 
observational needs throughout all of the solar-terrestrial 
disciplines. 

Many of the scientific objectives would benefit 
from joint measurements between STO and other pro- 
grams in operation at the same time. These joint meas- 
urements would require close communications among 
the different spacecraft control centers. Close commu- 
nications will be required in the analysis of the resulting 
data as well. The requirement for both data and opera- 
tional information exchange suggests the need for a data 
network in which the investigators are linked throu^ 
remote terminals to the operations centers for all other 
missions. A prototype of this approach was carried out 
in the Atmosphere Explorer program with great success, 
and has been suggested for OPEN and UARS. This net- 
work approach would represent a strong step toward the 
establishment of the solar-terrestrial data network which 
has been discussed extensively within the solar- 
terrestrial scientific community. The achievement of free 
and easy access by the individual scientist to the 
different operations and data-handling centers or nodes 
of the network would facilitate the coordinated studies 
that are required in the analysis of coupled solar- 
terrestrial scientific problems. A possible scenario for 
the operations and data-handling network for the Solar 
Terrestrial Observatory is shown schematically in 
Fig. 11. It is patterned after previous free-flyer missions 
and incorporates the idea of data exchange between 
mission operations centers. 

An additional consideration for the STO operations 
will be the periodic presence of people in orbit to carry 
out some of the experiments. The STO Platform will be 
serviced in orbit by the Space Shuttle. During times 
when the Shuttle is docked with the Platform it will be 
possible for the payload specialists or mission special- 
ists on board to carry out a set of experiments or cali- 
brations. This might be particularly important during the 
replacement or installation of a new instrument. The 
early manned operation would assure that the instrument 
is operating correctly prior to leaving it in automated or 
remotely controlled operation. This is the approach that 
is currently used, for example, in many cases during the 
installation of field instrumentation in the auroral zone. 

In summary, STO instrumentation capabilities offer 
exciting new opportunities for solar-terrestrial studies. 
The coordinated interactive operation of these instru- 
ments and analysis of the resulting data are keys to the 
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Hg. 11. Solar Terreatrial Obaervatory operationa and data handling. 


success of the mission. This success will be even 
further enhanced by the establishment of a solar- 
terrestrial data network that links the different mission 
operations centers and makes them easily accessible to 
the solar-terrestrial scientist. 

6. Data Analyalt and Thaoratical Modallng 

The scientific objectives of the Solar Terrestrial 
Observatory involve a complex interplay of radiative, 
chemical, dynamic, and electromagnetic processes that 
occur on the sun. in the solar wind, in the earth’s magne- 


tosphere and ionosphere, and in the earth’s atmosphere. 
They require a multidisciplinary approach. In the data- 
acquisition phase, this implies that measured quantities 
must promptly be processed into physical units, diagnos- 
tic analyses must be carried out to the point where 
meaningful comparison can be made both among the 
observed phenomena and with theoretical predictions, 
and finally, theoretical modeling efforts must be under- 
taken in an effort to understand the observed 
phenomena in terms of basic physical processes. These 
activities must be carried out both within each discipline 
and in an interdisciplinary setting in which physical 
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procMses are foHowad throughout their sphere of 
Ittfluence rathw than being terminated at the traditionai 
boundariea between diacipiinea. 

in order to integrate the obaervatlonai data with 
appropriate theory and to insure that the meaaurementa 
are of direct relevance to the scientific objectives of 
STO, it is essentiai that from the very beginning a strong 
roie be piayed by an investigator Working Group com* 
posod of instrument principai investigators and theoretl- 
cai principai investigators. These individuals must have 
expertise in one or more of the disciplines encompassed 
by the STO and should include strong advocates of the 
interdisciplinary aspects of the STO scientific objectives. 
This structure of the Investigator Working Group will 
promote the essential rapid distribution of the scientific 
data to all investigators, experimental and theoretical, in 
a format conducive to the performance of comparative 
and diagnostic studies both within and across disci- 
plines. 

It is anticipated that the members of the Investiga- 
tor Working Group will participate on an equal footing — 
with commensurate benefits and responsibilities — in the 
following tasks: 

1. Optimization of the scientific return from the 
STO, once an instrument complement has been selected 


In response to the Announcement of Opportunity. 

2. Recommendation of the best course of action 
during major tradeoff decisions that arise in the 
definition and development phases ot Hw STO instru- 
mentation. 

3. Development of specific operational methods 
that are responsive to the STO objectives, e^i.. joint 
observing programs, methods of data handling and 
exchange, modes of interaction between the STO instru- 
ments, and modes of interaction with other space and 
ground-based operations and data-hanJIing centers. 

4. Implementation of these operational methods on 
a daily basis during the flight of STO. 

5. Completion of individual and joint observational 
and theoretical research prefects related to the objec- 
tives identified. The development of theoretical models 
relevant to the coupling processes that are the main 
thrust of STO is particularly important. 

The Solar Terrestrial Observatory Science Study 
Group believes that theory and data analysis are of the 
same Importance to the scientific objectives of the STO 
program as is the acquisition of the primary data. 
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VI. Summary 


The Solar Terrestrial Observatory is a synergistic, 
probiem-oriented instrument payload for the S^ce Plat- 
form. serviced by the Space Shuttle. The central 
scientific problem that defines this payload is the under- 
siandlng of the physical mechanisms that couple the 
major regions of solar-terrestria' space. The eight 
specific scientific objectives chosen for discussion 
benefit in s variety of ways from the unique capabilities 
inherent in the combined Shuttle/Platform approach. 

The scope of the STO scientific objectives covers 
the region of space from the bottom of the visible solar 
atmosphere through interplanetary space and tne mag- 
netosphere to the bottom of the terrestrial atmosphere. 
Within this volume of space one can Identify many prob- 
lems to which the combination of the Shuttle, 
Shuttle/Spacelab instrumentation, and a platform can 
make an important contribution very different from a 
conventional free-flyer approach jt Spacelab itself. 
Many of the physical mechanisms that couple the major 
regions of solar-terrestrial space are ill understood, 
partly because coherent, coordinated observations of 
sufficient scope have never before been obtained. As a 
result of poor understanding, we lack a predictive capa- 
bility; if we possessed this predictive ability, both 
scientific and practical benefits would certainly follow. 

In this report we Identified for exemplary purposes 
eight basic objectives of solar-terrestrial physics to 
which the STO can make a unique and valuable contri- 
bution. There are, of course, more such objectives, some 
of which will only become clear as our understanding of 
the solar-terrestrial environment evolves. 

There are two aspects to our studies of solar varia- 
tions. The first is the variation of solar inputs to the 
earth, in radiation, particles, and fields. The second is to 
Identify the solar and interplanetary phenomena that 
lead to the variability of these inputs. By making both 
observations of the sun and in situ flux measurements 
from the STO, accompanied by a non-STO interplanetary 
probe, we can trace the course of solar perturbations 
back to the sun. Appropriate observations of the sun 
and the Interplanetary medium before, during, and aher 
solar-terrestrial events will be used to pinpoint tneir 
solar causes. 

Wave-particle interaction processes are found 
throughout the solar-terrestrial system. In situ studies of 
these processes have been carried out from a number of 
free-flying spacecraft, using passive techniques. The 
ability to control certain wave, particle, and plasma 


parameters acffvefy through injection of waves, elec- 
trons, and ions from STO permits new insight inte» the 
microphysics involved, through clarification of cause and 
effect. The high power capabilities of the STO permit 
new active wave and particle injeetton experiments. The 
STO is well suited for conducting controlied perturbation 
experiments on wave-particle processes, as well as for 
the remote sensing of naturally occurring wave-particle 
interactions In the earth’s magnetosphere and iono- 
sphere. 

The origin and transport of plasmas In the earth’s 
magnetosphere continues to be a fuiKfamental question 
in soiar-terrestrial physics. The varying admixture of 
particles of solar and ionospheric origin changes con- 
tinuously in response to changing solar conditions. Two 
investigative approaches are appropriate to the study of 
this problem: passive in situ measurements, which are 
part of the ISEE, Dynamics Explorer, and OPEN pro- 
grams, and active ion injection techniques, which can 
best be accomplished by the STO. The STO combines 
high power and remote sensing with an operational life- 
time that is capable of covering a variety of solar and 
magnetospheric conditions. This combination enables it 
to make a unique contribution to understanding magne- 
tospheric plasma origins through experiments involving 
active ion injection. 

Early concepts of the atmospheric electric circuit 
have given way to a broader view that encompasses the 
atmosphere, ionosphere and magnetosphere. Correlated 
measurements of the elements of this global circuit are 
in their infancy. In order to advance our understanding, a 
broad collection of observations must concentrate in 
particular on the relationship of changes in the iono- 
spheric potential distribution to changes in the lower 
atmospheric electric field. The STO provides a combina- 
tion of accommodations for observing the global electric 
circuit that are not available through traditional free- 
flyers or Spacelab. The combined capabilities of STO 
for remote sensing, high-power active experimentation, 
and tethered subsatellites would be enhanced further by 
coordination with measurements from free-flyers, the 
ground, airplanes, and balloons. 

The motions of the upper atmosphere are dramati- 
cally influenced by changes In the energy input from the 
sun, both directly and by way of the earth’s magneto- 
sphere. Througn remote sensing, the STO will be able to 
observe the major inputs to the upper atmosphere, over 
large areas of the earth, while also observing the heating 
and vrinds that constitute the atmosphere’s dynamic 
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response. The STO combines the capabilltiM of simul- 
taneous solar and terrestrial pointino. considerable 
instrument size, and long duration to cover a variety of 
solar and magnetospheric conditions. 

The chemistry of the middle atmosphere is very 
sensitive to berth solar radiative inputs and cosmic, solai, 
and magnetospheric particle inputs. From the STO one 
can sense both these inputs and their terrestrial conse- 
quences over major areas of the earth. The measure- 
ments for atmospheric chemistry call for instrumentation 
of considerable size and mass. The STO makes it possi- 
ble to place such instruments in orbit long enough to 
sample a vride variety of solar-terrestrial events, as well 
as to observe the solar and magnetospheric energy 
inputs simultaneously. 

Atmosprtieric turbidity (aerosols and thin clouds) 
may be effected significantty by changes of ionization or 
ultraviolet radiation in the lower atmosphere. These 
changes may be caused by solar activity directly or 
indirectly through stratospheric ozone. The relationships 
among these quantities lack observational verification. 
This objective requires at least several months of obser- 
vation of the solar radiative input and Ikfar measure- 
ments of atmospheric aerosols and clouds. The STO 
provides the necessary combination of long-duration 
operation with the high power and volume capability 
required by the lidar. 

Finally, progress In understanding the importance 
of planetary atmospheric waves requires the testing of 
the hypothesis that such waves are influenced by strat- 
ospheric conditions, especially winds, which are affected 
by solar activity. This requires the multiple pointing 
capability of the STO to observe the sun. the input of 
solar radiation and energetic particles to the atmo- 
sphere, and the temperature and pressure in the strato- 
sphere simultaneously. 

The Solar Terrestrial Observatory approach is to 
place on the Space Platform a multidisciplinary instru- 
ment payload that addresses all eight key scientific 
objectives, using solar, magnetospheric, and atmospheric 
shuttle-class instrumentation Much of this instrumenta- 
tion is in development for relatively short Shuttle/ 
Spacelab flights, and the larger instruments are possible 
only because of the Space Stiuttle's ability to carry 
heavy loads Into orbit. The Space Platform extends 
these capabilities to offer much longer duration and 
higher power levels. By combining these instruments 
into a multidisciplinary solar-terrestrial payload, STO can 
address comprehensive solar-terresMel objectives, 
largely because the payload has been defined with the 


highly Interactive nature irt the key acientific objectives 
In mind. 

The platform-based STO payload consists of solar, 
magnetospheric/ionospheric, and atmospheric instru- 
ments. The scientific objectives and operational strategy 
dictate a two-stage, evolutionary approMh. The first 
stage, the Initial Solar Terrestrial Observatory, conslats 
of approximately four Shuttle pallets of instruments on a 
57° Inclination iow-earth-orbit platform for a mission of 
at least six months and preferably one year. The pay- 
load of the Initial Solar Terrestrial Observatory is iisted 
in Table 11. The payload of the second stage, the 
Advanced Solar Terrestrial Observatory, which is liste.l 
in Table 13, is divided among two platforms. These 
share approximately eight Shuttle pallets of instrumenta- 
tion and have a mission duration of at least one year. 
One of these platforms is to be ir a 57° inclination orbit, 
the <rther in a near-polar orbit. Both the Initial and 
Advanced STO payloads have the same characteristic: 
they are problem-oriented and their combined capabili- 
ties far exceed those of the individual instruments flown 
singly. This is particularly beneficial for studying the 
basic coupling processes of solar-terrestrial physics, 
which are highly interactive and nonlinear. 

The broad objectives of the STO cannot be met 
fully without a companion interplanetary spacecraft. 
There are several ways in which this interplanetary com- 
panion could be provided, including (1) coordination of 
the STO with a mission having an inter(Manetary element, 
such as OPEN; (2) coordination with an interplanetary 
explorer; or (3) a spacecraft whose primary purpose is 
to serve as the Soiar Terrestrial Observatory interplane- 
tary companion. The means chosen by NASA to imple- 
ment this interplanetary companion are beyond the pur- 
view of the Science Study Group. However, it is essen- 
tial that there be an interplanetary companion throughout 
both Solar Terrestrial Observatory missions. The 
scientific bonus that follows from the simultaneous pres- 
ence of the Solar Terrestrial Observatory and an inter- 
planetary companion makes the combination of compei- 
ling value. 

Finally, scientifically successful missions reouire 
well planned operations, data handling, data analysis 
and theoretical modeling. The multidisciplinary nature of 
the STO objectives makes these aspects doubly impor- 
tant. This mission requires a centu <ized, operational 
approach with joint observing programs, as well as free 
and easy exchange of operational information and data 
promptly processed into physically meaningful units. 
Ample re.*ources for data analysis and interpretation 
should ba an intrinsic part of the mission, as should a 
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strong contribution of theoretical modeling relevant to 
the objectives of the mission. 

With the characteristics outlined above, the Solar 
Terrestrial Observatory can make a unique and valuable 
contribution to the NASA program of solar-terrestrial 
physics. 
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3. Typical neutral, Ion, and electron temperature profiles 3 

4. Typical midlatitude ionospheric electron density profiles 4 

5. The temperature structure and nomenclature of the earth’s 

atmosphere 4 

6. Elements of the solar-terrestrial system encompassed by the 


objectives of the Solar Terrestrial Observatory 6 

7. Wave-particle interactions near the equatorial magnetosphere 10 

8. A schematic model of the global electric circuit 1 4 

9. Effects of geomagnetic storms on thermospheric winds 1 7 
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2. Wave and Particle Experimanta 13 

3. Active Magnetospheric/lonospheric Experiments 14 

4. Summary of Recommended Measurements for Middle Atmosphere Chemistry 
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7. Strawman Magnetospheric/lonospheric Instruments for STO 27 
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3. Aeronyim and Abbravlatlons 


AMPTE Active Magnetotpherlc Particle Tracer Experiment 
AU Aatronomical Unit 

EML Equatorial Magnetoaphere Laboratory (of OPEN) 

ERB8S Earth Radiation Budget Satellite Syatem 
QTL Geomagnetic Tail Laboratory (of OPEN) 

IPL Interplanetary Physics Laboratory (of OPEN) 

ISEE International Sun-Earth Explorer 

ISPM International Solar Polar Mission 

OPEN Origin of Plasmas In the Earth’s Neighborhood 
PCA Polar Cap Absorption 

PMR Pressure-Modulated Radiometer 

PPL Polar Plasma Laboratory (of OPEN) 

REP Relativistic Electron Precipitation 

SCE Solar Coronal Explorer 

SME Solar Mesospheric Explorer 

STO Solar Terrestrial Observatory 

STOIC Solar Terrestrial Observatory Interplanetary Companion 

STS Space Transportation System (Shuttle) 

UARS Upper Atmosphere Research Satellite 
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